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These notes were prepared during a 
stay in the occupied portion of Germany 
when acting as superintendent of the 
line under the Franco-Belgian control of 
the Rhenish Railways at Aix-la-Chapelle. 

They give a short account of the 
various railway bridges constructed over 
the Rhine from the Dutch frontier up to 
and including the bridge at Worms, and 
to this account is added a critical survey 
of the evolution of the various forms 
adopted. . 

Without pretending to exhaust such a 
vast subject, we hope, however, to give 
a general insight into it, and show in 
chronological order a true sequence of 


a remarkable and extremely curious evo- 
lution of the various forms of these 
structures. 

If it is often somewhat bold to criti- 
cise @ priori any particular arrangement 
in construction, because the complexity 
of the factors involved justify several 
solutions, it is always interesting to ana- 
lyse the ideas which have influenced the 
author in his choice of a design. These 
notes therefore make no pretention at 
being pedantic, but should be looked 
upon simply as our personal reflections 
as regards these great structures which 
we have been able to study and become 
familiar with in the course of our duties. 


I. — BRIEF DESCRIPTION OF THE VARIOUS STRUCTURES. 


§ 1. — Bonn and Dusseldorf bridges. 


The Bonn and_ Dusseldorf bridges, 
being road bridges, can hardly be said 


to be interesting so far as railways are 
concerned. They are, however, the 
pioneers of the large open braced arch 
type, having two-hinged joints, that were 


(4) Translated from the French. 
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librium of the oe piers fixe 
river is maintained by abutting the 1 


arches over the river against the flatter Et 


side arches. 


The platform of the central arches; is” 
_ placed at an intermediate level near the Nat Sc 
springings, whilst the flatter side marches 1 


come entirely under the roadway. These 


structures, 


at the end of the year 1898. 


Bonn bridge. — The central span of 
the Bonn bridge is composed of two 
braced arch ribs 187 m. 20 (644 feet) 
long (fig. 1), 
centres being 9 m. (29 ft. 6 4/4 in.). © 


The depth of the girders is 10 m. 537. 
(34 ft. 3 in.) at their springing and ~ 


4m. 8 (20 ft. 8 in.) at the crown, the 


rise of the lower boom or chord being ; 


29m. 60 (97 feet). 

The two-hinged braced arches of the 
side spans have a length of 93 m. 60 
(307 feet) (half that of the central 

_arch), and a depth of 7 m. 67 (25 feet) — 
at their springing at one end and 


10 m. 63 (34 ft. 6 in.) at the other, giv- 


ing a mean rise of 9 m. 15 (30 feet), 
which is about one tenth of the span. 
The platform of the central span is 


suspended from the main girders and 
comes level with the first apex in the 


top boom. 


Windbraciay of the eae span (fig. 2). 


_-—— Generally speaking, the upper wind- | 


' bracing of the large arches is made up 


a summary description of 
which we will now give, were completed 


the distance between the | 


onnee a “are to Bete ver ticals of ‘the 
main ribs. 


Bidet tacea avunes ae Dee wiiere 
they intersect and attached by means of — 
» hinged connections to 1 a 
These diagonals | are of square section 


with corner angles with single bracing - 
on the faces made up of flat bars. | 
The angles are brought together at 
-extremiti to grip the jointed 
coupling up plate (fig. dss Rae =, 
_ Following the usual practice in the 
construction -of other large structures, 
the top windbracing girder is considered 
as resting at its extreme ends on two 
rigid portals transmitting all transverse 
stresses to the supports fixed on the piers. 
In the Bonn bridge the portals are — 
situated in line with the third apex of 
_ the i) ere (fig. Bi 
We may further en out t that as re- cl 
gards” the original details, the box mem- 
bers are braced on the outside by single — 
angle iron bracing with connecting — 
plates fastened with three rivets at th 
es of the Bhs: We have 
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Fig 4. — Gross section of the Bonn br ces showing portal. 


The upper obiipraaeas tofnieh a 
means of curved girders fixed between 
the upper booms and the cross frames 
fixed between the top and bottom booms, 
is arranged in the same way as that of 
the Bonn bridge (fig. 10). The end por- 


tals in the Dusseldorf bridge are fixed, 


however, in the cross section of the sec- 
ond vertical of the main girders (fig. 11). 
As a result, the end panel only is not 
braced, whereas in the Bonn bridge, the 
two end panels are without bracing 
(fig. 12 and 13). The members are box 
shaped, as in the Bonn bridge, and the 
webs are braced on the face by single 


. ; ; Le Ne Se Cae 4 
A a i" oa Bae Ap . 
>= , ° ix 
fe A eee if = < > P 4 
_— : = Ms y a Me 
i =aE pele ~ 


angle bars with. intermediate plates (an 


» (fig. 14). 
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improvement on the Bonn bridge) 


Another point worth mentioning, i iB: 
that the number of panels in the ae 
ribs being odd (25 instead of 24 as in 
the Bonn bridge), the centre panel is 
counterbraced. 

As a reminder, we" may mention the | Z 
road bridge at Magdebourg (Kénigs- 
bricke), which was pened at the nicer 4 
ning of 1903. T ce 
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Fig. 6. — Dusseldorf bridge. End portal. 
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Figs. {0 and 11. — Dusseldorf bridge. ; pete 
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Fig. 43. — Dusseldorf bridge Angle of the portal. 
Fig. 145. — Magdebourg bridge Cross bracing of the arch 
booms or chords. 


Dusseldorf bridge. Hinge joint at the springings. 


Fig. 12. — Dusseldorf bridge. Extreme end. 


Fig. 44. 
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2m. do (7 ft. 8 in.) rise.~ The arches 
at Magdebourg without chord ties are 
40 m. 50 (34 ft. 4 in.) deep at their 
springing and 4 m. 80 (45 ft. 9 in.) at 
the crown. They are braced and have 
cross frames in the same way as the 
Bonn and Dusseldorf bridges (fig. 15). 
The bracing, however, extends up to the 


first apex from the end. The rigid por- . 


tal is built above the springing consist- 
ing of the first verticals of the main ribs, 
with a rigid strut between the top booms. 

The angle iron diagonals of the cross 
frames are replaced by a simple frame 
with central king post. 


§ 2. — Worms bridge (fig. 16). 


The railway bridge at Worms, with 
double tracks, was constructed in 1900. 
For the Rhine crossing it is made up 
of three successive spans, the central one 
having a length of 118 m. 30 (388 feet) 
and the side ones 107 m. 15 (851 ft. 
6 in.). It is continued on the opposite 
side from Worms by a series of horizon- 
tal spans with 35 m. 25 (145 ft. 7 in.) 
openings and made of horizontal truss 
girders fixed under the roadway. These 
spans are composed of two independent 
superstructures each carrying a single 
track (fig. 17). 

The large spans built over the Rhine 
carry double tracks, and the main gir- 
ders are fixed with 9 m. (29 1/2 feet) 
between centres. . 


Main girders. — The main girders are 
formed of braced arch trusses with wide 
panels and curved top and bottom booms 
or chords. The platform is fixed above 
the springings (fig. 18) at the level of 
the second apex of the lower boom. 

These arched trusses are connected 
between their ends by means of a hori- 
zontal tie fixed on a level with the plat- 


form and take up the horizontal thrusts, 
thus transforming the arch into a truss 
on two supports with vertical reactions. 
These trusses are braced together on the 
top between the upper members, and 
below between the horizontal ties at the 
platform level by means of bracing 
(fig. 19), which will be described later on. 


Platform. — The platform, consisting 
of cross girders and rail bearers, is sus- 
pended from the soffit of the main 
trusses by means of verticals of double 
«T» section made up of a plate web 
and four angle irons (fig. 20). 

The chief feature of the Worms bridge 
in comparison with similar structures is 
that the cross beams of the platform are 
hinged to the suspending verticals. In 
its turn the horizontal tie is supported 
by a shackle slung from the suspension 
pin which passes through the cross gir- 
der, and is supported sideways by simply 
butting against the latter. 


Vibration and brake action. — The 
platform, which is free to move longitu- 
dinally relative to the horizontal ties and 
to the verticals, is fixed in the middle 
to the horizontal tie, and a brake stay 
(Bremsverband) transfers to the latter 
the longitudinal stresses due to adhesion 
and brake action. To counteract vibra- 
tion, ordinary cross frames with horizon- 
tal and diagonal struts are fixed between 
the rail-bearers (fig. 20). 


Windbracing. — The general scheme 
of the main framework comprises the 
main trusses with horizontal ties having 
an upper system of bracing which fol- 
lows the neutral axis of the top boom, 
and a lower system of windbracing fixed 
at the level of the platform and extend- 
ing between the second apex from each 
support following the line of the neutral 
axis of the lower boom (figs. 17 to 23). 
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Fig. 46 — Worms bridge. General view. 
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18 and 19 — Worms bridge. 
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showing pier in river. 


18. — General view 
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-- View showing horizontal tie connections. 
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Fig. 
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At the bend, the ee ate teeter st 


by plates fastened on 1 by means of four 
rivets. 

The - arrangement by 
der placed along the axis of the curved 
girder. It is not easy to understand t 


function of this light girder; which is 


simply made up of*an upper and lower 
angle iron reversed on either side as re- 


gards the symmetrical plane and joined 
together by a oe and pee lattice of z, 


flat bars (1). 
In addition, the cross bracing struts 
are supported "by light curved channels 


fixed to the verticals from which the _ 


platform is suspended. The photo- 


graphs show all these details very clearly. 


The lower windbracing fixed on a level 
with the platform of the bridge is com- 


posed of a lattice. girder formed by the 


horizontal ties and intersecting diagonal 
bars with flexible connections to the 
Hon izenial ties 

The cross girders of the platform 
simply butt against the apices of this 


~C@)-This girder “ja evidently to st itfen the: ai “oss , 


bracing. APghishe Editor.) 
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means of a Tongitudinal connecting gir-— 
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struction solves the principle of relative 
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Translation of German terms es 


Hochster schiffb. Wasserstand = Highest water level. — Obere Winhdverbiinde = Upper 
y Untere Windverbinde = Lower windbracing. : f 


Fig. 29. — Trarbach-Traben bridge. General elevation. — 


_ the river side by means of epHeriamas 44 


strengthening arrang 
joined together by 
_ (fig. 26) every second pane 
barred aes: 


phage are sxtiged aa the nee 
boom so as to carry a wooden gangw 
in order to allow of the inspection of the — 
framework (figs. 27 and 28). ae 


Supports. — The be 18S ) 
expansion, both longitu nally. and trans- 
_ versely, and for this purpose, there is” 
arranged at one corner of the bridge, e 4 
fixed support with spl rical joint. At 
‘the other end of the same truss, a Tollerss E 
bearing is arranged to allow for long- 
itudinal expansion. Under the other 
truss, placed crossways to the fixed sup- 
port, a similar arrangement allows for _ 
transverse movement, whilst at the other 
end of this girder, the contrivance is 
made up of double roller bearings to — 
allow for both ocean and trans- 
verse movement. ' ‘| 


» Foundations. ~- The pier fount q 
placed in the river were constructed by — 
means of sunk caissons worked ve 4 
compressed air, and the abutments on — 


hopin in 11897 san a in 189 
built before the railway bridge 
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30 and 34, — Trarbach-Traben bridge. 


Fig. 34. — Half cross seetions. 
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“Worms and on ‘the same Rely 
oe rae 


beams (fig. 31). 


The suspension verticals embrace and 
are rivetted to the web of the cross gir- 
ders. Their flexibility, however, is made 
as perfect as possible by the arrangement 


of their cross section, which is formed 


_ of four angle irons placed back to back 


ai on ae the truss vortieaie ‘Grote oe 
the platform is suspended and butts 
laterally by simple contact against these 
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Wiesbaden, was put into service on the 
4 May 1904, it is therefore of later con- 
struction than the Worms railway 
bridge, and contains some of the essen- 
tial features of the latter (fig. 32). 

Its general arrangement consists of 
two groups of large arched spans with 
wide panels separated by six parallel 
flange braced girder deck spans, the 
superstructures of which carry the rail- 
way. These spans are each 39 m. 20 
(128 ft. 7 in.) long, and the length of 
the girders of the first group, consisting 
of three arched spans, are respectively 
93. m. 80° (307 ft: 9 in), 107 m. 20 


‘ 


Fig. 32. — Mayen eb 


, 


(354 ft. 9 in.) and 107 m. 20° as it 
9 in.). The two arches of the second | 
group have spans 116 m. 80 (383 ft. 
3 in.) each. The main girders, compos- 


ed of braced arch trusses, have horizon- 


tal ties above the springings at the level — 


of the second apex of the lower boom. — oF. 
The relationship of this structure to the 5 


Worms bridge is especially noticeable by _ 
the fastening of the horizontal ties, 


which are simply hung from the cross — : : 
girders against which the 


utt (fig. 33), 

Contrary to the construction of the — 
Worms bridge, however, the cross sec- — 
tions of the verticals formed in a double 
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windbracing finishes at the end 
ae ee, with Beas to 


fi O Geastderasian, ‘as be as the 
arrangements are concerned, 
transverse contrivances for this 
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sed on the Worms bridge are 


also the curved channel supports con- 


nected to the verticals from which the 


platform is suspended, have been dis- 
carded. The diagonals are still made up 
of « U» shaped members joined togeth- 


shape girders are stayed by means of a 
double lattice made of single flat bars 
with two « Us » extending the full 
length of the member. The bracing is 
completed at every second cross bar by 
means of solid diaphragms without out- 
side covering plates. 


§ 4. — Cologne railway bridge. 


Siid Briicke railway bridge. — The 


Sid Briicke railway bridge at Cologne has 


double tracks and three spans, the cen- 
tral one of which has a length of 165 m. 
(544 ft. 4 in.), and the two side ones 


The ones irate pus 
in the Worms bridge, as well as the _ 

slender longitudinal girders connecting 
the diagonals of the windbracing and | 


‘espriq vouekeQ — ‘GE 01 GE Sol 


‘Supeaqpuim aaddq — ge “Sly 


: an cay 


Be OEP 


aia hoon 
JR < 3 
A aa NOs N LAS O15] 


CAA B 1d Sus 5 ; 
OE: 4 hel “wojaas ssouo J)Y]T 


— 515 — 


101 m. 50 (333 feet) each. The latter 
are supported by the projecting ends of 
the central span (figs 38 and 39). 


General arrangement. — This struc- 
ture, which in chronological order fol- 
lowed that of Mayence, was put into ser- 
vice at the beginning of 1910. The main 
girders, as in the latter, are still of the 
arched type with wide panels and hori- 
zontal ties. The principle of making 
these ties independent as regards the 
cross girders has been abandoned, and 
in this case they are fixed to the main 
girders. However, in order to ensure 
relative independent movement of the 
platform and the ties, this platform is 
divided up into a certain number of sec- 
tions, each one of which is fitted with 
an independent bracing to counteract 
brake action (Bremsverband). 

The connection of the verticals and 
cross girders is still made semi rigid, 
like at Mayence, without any large con- 
necting gussets (fig. 40).- 

The top windbracing of the Siid Briicke 
has several interesting features. 

As regards the side spans with diago- 
nal bracing only terminating in the 
angles of the end portals, the designs are 
identical with those of the Mayence 
bridges (figs. 41 and 42). 

The diagonals, which are made up of 
two « U » pieces joined together by 
- means of a lattice formed of flat bars, 
are rigidly fastened to the top booms of 
the arches. 

The central plane of the windbracing 
is arranged so as to follow the neutral 
axis of the upper booms. The end fast- 
enings on the angles of the portals are 
flexible, and the « Us » are closed up so 
as to grip the flexible connecting plate 
in the angles of the portals (figs. 43 
and 44). 

The side spans have only a curved gir- 
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der for windbracing, as shown between 
the upper booms. 

The central span is of too great a 
length for this method to be followed. 
In order therefore to make a suitable 
bracing arrangement, cross struts have 
been added to the eight middle panels of 
the same cross section as the diagonals 
and cross frames between the upper and 
lower booms of the arches (fig. 45). 

The members of these frames are made 
up very simply in pairs of « U » irons 
connected by plates (fig. 46). 

The bracing of the box shaped mem- 
bers consists of single angles with up- 
rights. It is still further strengthened 
at the third and the two thirds of its 
length by means of solid diaphragms. 


Hohenzollern Briicke railway bridge. 
— This. bridge, which was constructed 
after the completion of the Std Briicke, 
is composed of two railway bridges with 
double tracks and one road _ bridge 
alongside. 

The structures are made up of three 
spans, the two side ones being 118 m. 80 
and 122 m. 56 (389 ft. 9 1/2 in. and 
402 feet) long, and the central span 
being 167 m. 75 (550 ft. 5 in.) long 
(fig. 47). 

The main girders are again formed of 
braced arch trusses with wide panels 
and horizontal ties, the latter this time 
being fixed on a level with the spring- 
ings. 

On examining the cross section of the 
railway bridges (fig. 48), we perceive 
that the connection of the horizontal tie, 
cross girder, and suspending vertical, is 
perfectly rigid with large triangular 
strengthening gussets fixed between the 
vertical and the cross girder. 

The upper windbracing of the side 
spans is made up of diagonals without 
cross frames, with flexible joints (fig. 49) 


Fig. 56. — View of portal and ends of upper windbracing. 


Fig. 57. — Angles of the end portals. 


Figs. 36 and 87. — Mayence brid; e. 


Fig. 39 — Cologne Sid Briicke railway bridge. — Pier support. 
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Diagrammatic elevation. 


Fig. 47 — Cologne Hohenzollern Bricke. 
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to the flange of the upper boom. At the 
extreme ends the curved windbracing 
girder terminates in the angles of the 
portals, the diagonals being attached to 
the flange plate of the boom (fig. 50). 

These diagonals consist of two « U » 
pieces with double lattice flat bar brac- 
ing. 

A feature in the windbracing (fig. 51) 
is the addition in the last panel of a 
king-post between the intersection of the 
diagonal and the middle of the portal. 

We should point out too, that the end 
portals are braced (fig. 52). 

In the central span, two upper wind- 
bracing systems have been provided (see 
cross section), one being fastened to the 
flange of the upper boom, and the other 
in the neutral axis of the lower one, 
Both ‘consist of diagonals without cross 
frames as in the side spans. 

Evidently the windbracing between 
the lower booms could not be continued 
for the whole length of the structure. 
In the third bay from the springing, it 
is connected with the upper booms by a 
lozenge shaped panel (fig. 53) fixed in 
the plane of the corresponding diagonals 
of the main trusses. 

The particular care which has been 
given to obtain hinged jointing for the 
windbracing of the lower booms should 
be particularly noticed. The plate con- 
necting the diagonals is fixed to the web 
of the boom by two angle pieces with a 
gap between. 

The bracing of the box shaped booms 
(fig. 54) consists of a double lattice of 
flat bars with solid diaphragms every 
second bay. 


§ 5. — Hamm bridge. 
The Hamm bridge, which is situated on 


the line from Neuss to Dusseldorf, is 
composed of two large railway bridges 
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Fig. 53. — Central span. Upper windbracing. 
Panel of cross framing. 


Fig. 52. — Angles of the end portals. 


Fig 54, — Apex of the lower chord. 


Figs. 52 to 54. — Cologne Hohenzollern Bricke. 
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ig. 55. 


— General view. 
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Fig. 57. 
View showing upper windbracing. 
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in the river. 
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Fig. 56, 


Support of the framing on a P 


Figs. 55 to 57. — Hamm bri ge. 
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with double parallel tracks. Each con- 
sists of four spans of about 107 m. 
(351 feet) long over the Rhine (fig. 55). 

The general arrangement of the main 
girders is similar to that of the Worms 
bridge. They are braced arch trusses 
with wide panels and sixteen bays with 
two booms and a horizontal tie at the 
level of the second apex of the lower 
boom (fig. 56). The platform is sus- 
pended from the main girders by means 
of double « T » verticals (web and angle 
irons). 

With the Hamm bridge, like the 
Hohenzollern Briicke, the relative in- 
dependence of the platform in relation 
to the bracing in general has completely 
disappeared. The cross girders of the 
platform are rivetted by means of large 
gusset connections to the suspension ver- 
ticals, and the latter in turn -being 
rivetted to the horizontal ties. The con- 
nection of cress beams, horizontal tie 
and vertical is quite rigid (fig. 57). 

The upper windbracing consists of a 
curved girder with diagonal bracing 
attached by flexible connecting plates to 
the flanges of the upper booms (fig. 58). 

The windbracing at the end hays is 
also fixed to the flange of the boom in 
the angles formed by the portals with 
the main girders (fig. 59). 

As in the preceding bridges, the end 
portals form rigid windbracing supports, 
transferring the side stresses, due to 
wind, on to the bearings. 


The windbracing diagonals consist of 


« U ». pieces with wings outside and. 


stiffened by plates at their intersection, 
one of the « U » pieces being cut away 
for the purpose. 

These « U» pieces are braced by two 
simple lattice angle irons alternating on 
the two wings, and are bent together at 
the ends so as to grip the flexible con- 


necting plates on the flanges of the 
booms. 

The bearings are rigidly fixed on one 
side of the pier, and on the other, are 
movable, this being the only means by 
which the bridge can expand longitudi- 
nally (fig. 60). 

An interesting feature in the details is 
that the double web of booms are stif- 
fened by means of a single lattice with 
« U » verticals of light section. Dia- 
phragms have also been fixed at the ends 
as well as at two intermediate points. 

The end connections are further im- 
proved by two « U» cleats of large sec- 
tion. 


§ 6. — Rudesheim, Neuwied Engers 
and Remagen railway bridges 


These three railway bridges, 
double tracks, are of quite recent con- 
struction, and were entirely made or 
finished during the war. 
ception of a few details and the length 
of their spans, they are almost identical 
from a technical point of view. 

The Rudesheim bridge (Kempten) has 
two large arched spans each 169 m. 40 
(555 ft. 9 in.) long, and separated by 
three straight girder spans respectively 
92 m. 55, 94 m. 20 and 92 m. 55 (303 ft. 
§ in., 809 feet and 303 ft. 8 in.) long, 
approached at each end by means of a 
parallel flange open web braced girder 
84 m. 70 (278 feet) long (figs. 64 
and 62). 

The Remagen bridge has a central 


Arched span 156 m. 20 (542 ft. 6 in.) 


long; with a parallel flange open web 
braced girder span at each end 84 m. 60 
(277 ft. 1 ingore 

The Neuwied bridge (Engers) has a 
central arched span 188 m. (617 feet) 
long with two parallel flange open web 
braced girder spans at one end 84 m. 60 
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Part elevation of the main girders. 
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(277 ft. 7 in.) long, and one at the other 
_ with an additional platform 75 m. 20 
_ (246 ft. 9 in.) long (figs. 64 and 65). 
The genera! characteristic of these 
arches is, like in the Cologne Siid 
_ Briicke, having overhanging ends which 
_ carry the side spans by means of swing- 
ing supports (figs. 66 to 68). 


fixed in opposite directions, German 
_ fashion (Strebenfachwerk), with suspen- 
_ sion verticals every second panel. 
- general arrangement of the Rudesheim 
_ bridge is perhaps more pleasing to the 
4 eye, but the design of the Remagen and 
_ Neuwied arches is certainly more logical 
- (fig. 69). 

The main girders are made up, as 
might be expected, of box shaped mem- 
bers. The open side of the latter is 
braced by a single lattice with verticals 
and diagonals alternating. The lattice is 


The ° 


The more recent bridges of Neuwied 
and Remagen are built in open web 
braced (N type of girder) with verticals 
from which the platform is suspended in 
a line with all the verticals of the gir- 
ders. 

The Rudesheim bridge is made up of 
a triangulation with successive diagonals 


bridge.». General view 


made up of flat bar to which an angle 
iron is rivetted with its vertical wing 
fixed towards the interior of the box 
girder (fig. 70). 

The webs of the box girders are also 
stayed by solid diaphragms with external 
plates. These plates are rivetted to the 
angles at the edge by two or three rivets, 
according as the member is in tension 
or compression (figs. 71 to 75). 

In cross section, the junction of the 
cross girder, horizontal tie and suspen- 
sion vertical is entirely rigid, large 
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Fig. 67. — Neuwied bridge. 


Support of the end spans on the arched truss. 


Fig. 68. — Ridesheim bridge. 


Support of the end spans on the arched t 


Fig. 69. — Neuwied bridge. 


Portal at end of the central arched span. 


Fig. 70. — Riidesheim bridge. Fig. 72. — Neuwied bridge. 


Details of the truss members. Details of the lattice. 


Fig. 71. — Ridesheim bridge. Straight spans. 
Details of the truss members and windbracing, 
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Details. 


Fig. 75. — Riidesheim railway bridge. 
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is) made rigid to resist brake. action in 


eno every ie vee 


transfer the longitudinal | stresses on | 
road to the horizontal ties (fig. 75) 
In these sections, the expansion tal 


3 be 
place between rail bearer. and cross stays — 


is provided for by means of a new ar: 

gement in the form of a toothed roller, 
the supporting plate being transformed 
into a rack. 


The reason‘ for this arrangement is 


probably to limit any movement of the 
bearing, at the same time oe its 
action certain. 

The lower windbracing takes the ay 
of a girder with flat bar cross bracing, | 
the horizontal ties acting as flanges and 


the cross beams as verticals (fig. 16.2 


The upper windbracing is single and 
rests on the flanges of the upper booms. 
It is formed of diagonals, the apices of 
the curved girder so formed being sit- 
uated in the middle of the panels 


(fig. 77). 


The diagonals which are made up of 


two ordinary « U » irons, the web of the 
horizontal one being rivetted to the wing 
of the vertical « U», are fastened to 
plates rivetted on to the upper flange 
(fig. 18). 

The feature of these three structures, 


beyond the ordinary windbracing, is the 
rigid transverse bracing by means of 


portals in solid plating in line with each 
vertical strengthened by the top and — 
bottom booms of the main girders and 


a supplementary strut between the upper _ 


members (fig. 79). 


~ and parabo! 


of - _ 


being carried on projecting en d 
arched span. Ig. Se sor 


§ 7. — Baerl bridge. Ag é ae 


The Baerl per. on the Hohanbes ¥ 
berg line to Oberhausen, is of the or- — 
dinary truss type with horizontal hovoavs : 
op booms (fig. 82). a 

Built in 1910-1912, to the designs of _ ‘ 
Engineer Schaper, known by his-treatise 
on metal bridges, it has three large spans _ 
over the river, the two end ones being fi 
106 m. 08 (348 feet) long, and the cen- 
tral one 186 m. (640 ft. 3 in.), with 
approaches- of lesser importance of pa- 
rallel flanged deck span, which | eat! the 
roadway. 

Tt is designed after the clagsieal iype i 
known in Germany as Strebenfachwerk, - 
the diagonals of the girder being in ten- _ 
sion and compression alternatel figs. 83 
and 84). : 

A feature of the pools span. with sec- 4 
eats 7 igs SS is. the bowie atal ties 
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Czoss section at the centze. 


Arrangement of cross bracing. 


Rocking supports 
of the parallel flanged girder 
side spans. 


Coupe du platclage -appui 
mobile des longrines. 


Fig. 75. — Riidesheim railway bridge. 


Translation of French terms : 


Coupe du platelage — appui mobile des longrines = Cross section of flooring -- movable bearings of rail bearers, 
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Cross section 
at end supports. 


Fig. Th. 


Cross section 
at hinged joints. 
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Fig. 77. — Neuwied bridge. 


Upper windbracing. 


Fig. 76. — Neuwied bridge. 


General view of upper windbracing. 


Fig. 78. — Riidesheim bridge. 


Details of upper windbracing. 


= q 8. ag Wesel and Hochfeld bridges: : 


The Wesel Faiclonsyy ice is the iaat ames 
= ole over the Rhine before reaching the = = | 
The Hochfeld bridge, Sot ie 
Raat whieh an attempt to damage it =| 

was made in July 1923; is situated on = 
the Crefeld to Duisburg line. These — es 
structures are old— and hardly aoe 

, youve i le 


- We might point out that the eanai 
Administration was getting out designs 
— for a new railway bridge to be joined up 
to the present one at Hochfeld. 
The execution of this has, however, 

. teen stopped for the present, though the 
; = Pile: of one ? piles had already been driven into the 
eee ae ie at river bed. It would have consisted of 


aes 


a large span over the river 187 m. aes } 
(613 1/2 feet) long, with lattice arches ae 
and wide panels. It is not possible, how- ; 4 
ever, to give further details concerning it. a 
Tk = GENERAL REMARKS. ss 5: 


In the Bonn and Dusseldorf road 

_ bridges, which -inaugurated this type of . 
arch over the Rhine, the springings on f 
— the piers are hinged, the arch acting 
simply in a normal manner and thrust- 
| ing against the pier supports. The hori- 


zontal thrust from the central span being be 
equilibrated by the thrust from the . ny 
smaller span side arches placed entirely 2 


as given ae ibe: ra ce below the roadway. 
ar to ermiay | the name of Portal- ‘In all succeeding structures, a great 
idm. 4. improvement was effected in transform- 


‘ 
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ing the arch into an equilibrated girder 
by the addition of a horizontal boom, 
forming a tie to take the thrust of the 
curved members and extending under the 


Fig. 79. — Rocking support. 


Figs. 
ments on a level with the second apex 
of the lower chord. The portions of the 
latter dipping under the platform to the 
bearings on the piers form metallic beaks 
or corbels. 

In the Hohenzollern Briicke at Cologne, 
the horizontal ties are on a level with the 
abutments. This arrangement may be 
provided for exceptional floods or to take 
advantage of the maximum headway avail- 
able under the side spans (provided with 
towing paths). 


platform to points near the springings. 

In the Worms, Mayence, Cologne (Std 
Briicke) and Hamm (Neuss) bridges, the 
horizontal tie is situated above the abut- 


Fig. 81 — Details of rocking supports. 


79 and 81. — Riidesheim bridge. 


Apart from these arrangements, the 
junction of the horizontal tie is identical 
with that of the Worms bridge, etc. 

In the structures we are considering, 
with large spans, the first object to attain 
is the best arrangement of cross bracing 
the main girders and reduce the height 
of the framework above rail level. The 
latter arrangement ensures the least 
movement in the framework, a desirable 
object in railway bridges. 


The consecutive platforms of the 


Nias. 


” supportsete. 
the 


TPP RD apse 
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Worms, Mayence, Hamm bridges and_ span of 100 m. (328 feet), and the po- 
Hohenzollern Briicke are independent of sition of the piers in the river is arrang- 
one another. In the three first mention- ed to suit local conditions. 

ed, the consecutive arches have each a In the Stid-Briicke at Cologne we have 


Fined joint 
of upper 


Sl? uo windbracing. 


rocking 


of 
siie spans. 


Articulation, mobile du con: 
es Superidur 


Fig. 80. — Riidesheim railway bridge. 


a 


Translation of French terms: Articulation mobile du contreventement supérieur = Hinged joint of upper windbracing, 


for the jirst time girders with projecting Brticke, having a central span of 165 m. 
ends supporting one end of the side (541 1/2 feet), and two side spans 
spans. The local conditions are about 101 m. 50 (333 feet) long (Hohenzollern : 
the same as those of the Hohenzollern central span 167 m. 75 (550 1/2 feet) 
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Fig. 82. — Partial elevation. 


Le 


iii, 


Fig 83. — Lower apex detail. Fig. 84. — Lower apex detail. 


Figs. 82 to 84. — Baerl bridge. 
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Fig. 86. — General view 


of the windbracing of the central span. 


Fig. 85. — General view 
of the windbracing of the side spans. 


¢. 87. — Intermediate connection of the diagonals with the 


Fi 


giltudinal connecting girders. 
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Baer! bridge. 


to 87, 


Figs. 85 


Fig. 88. Fig. 89. 
Angles of the end portals. lower connection of the end portals. 


Fig. 90. — Inspection trolley of the upper member. 


Figs. 88 to 90. — Baer! bridge. 


a 


— 547 — 


and side spams 148 m. 80 (390 feet). 

Tt is indisputable, that from a tech- 
nical point of view, the design of the Sid 
Briicke is an improvement when local 
conditions allow of it being adopted. 
The end spans assist in a marked degree 
to lighten the strain on the central arch, 
The only objection to this arrangement 
is the difficulty of arranging the sup- 
ports on the projecting ends. 


Fig. 91. — Baerl bridge. 
Upper member with rack arrangement. 


“= 


This innovation in the Std Briicke is 
also to be found in the three last bridges 
constructed during the war, those of 
Riidesheim, Remagen and Neuwied. 
(Example Remagen central span 
184 m. 21 (604 feet), side spans 84 m. 60 
(iiss. in.). 


The makers have also substituted 
straight parallel flanged girders in the 
side spans, instead of arched girders, as 
in the Sid Briicke. 

In elevation, it does not appear that 
the beauty of the design has suffered by 
this arrangement.. It is evidently a 
question.of taste, but it is probable that 
at least, so far as the Remagen and 
Riidesheim bridges are concerned, this 
solution is superior to that of the con- 
secutive arches in the Sid Briicke. From 
the point of view of economy in material, 
it is not possible to make a comparison 


‘as regards weight, the form of cross sec- 


tion and the arrangement of windbracing 
being so different. If, however, there is 
some saving effected in the arched as 
against the parallel flanged girder side 
spans, it would probably be hardly noti- 
ceable in the spans in question 80 to 
90 m= (262 1/2-to 295 41/4 feet). 

If we examine the two solutions of 


‘ straight span or arched span from the 


point of view of their use in railway 
bridges, the transverse stability of the 
closed frame cf a straight bridge with 
parallel flanges is much greater than the 
corresponding cross section of the bridge 
with arched top boom, and also its stiff- 
ness to resist the rolling loads will be 
greater. Therefore, so far as this is 
concerned, the solution obtained in the 
Remagen bridge is preferable to that at 
Cologne. The design of the arched 
trusses of the Riidesheim railway bridge 
is more complicated than those of the 
Neuwied and Remagen bridges and ne- 
cessitates a wider spacing between the 
verticals from which the platform is-sus- 
pended, thus causing less transverse sta- 
bility. 

We must therefore conclude, that so 
far as the general arrangement of the 
main girders is concerned, except in 
special cases, the design of the Remagen 


port the rails. 


~The flooring of these are is aie 
formly constructed of longitudinal rail 


bearers and cross girders ‘slung to the 
_ main girders by suspension verticals. — 


The longitudinal | rail bearers, w sh 


are generally fairly long, are braced to-- 


gether with angle iron frames. These 
frames are generally fixed at the third 
and the two thirds of the length of the 
rail bearers. 

According to the German custom, {ie 
distance between centres of the rail 
bearers is sometimes as much as 1 m. 90 
(6 ft. 3 in.), which exceeds the standard 
gauge. This arrangement necessitates 
large sectioned wooden beams to sup- — 
The advantage of this 
wide spacing of the rail bearers is to 
provide for slight discrepancies in the 
laying of the road, and to avoid any 
accidental overhanging Of a Tail, “it also 
assists the cross girders. ; 

The connection of the longitudinal rail 
bearers. to the cross girders is generally 
made under the upper angle irons of the 
cross girder. This is a simple connec- 
tion with vertical angle iron cleats be- 
tween the top and bottom flange angle 
irons. This method of attachment is 
simple, but offers no stiffness crossways 
and exposes the cross girders to the 
whole of the longitudinal stress from the 
roadway. With these platforms, it is. 
absolutely necessary therefore to provide 
means of resistance in the flooring 
against longitudinal stresses (brake ac- 
tion and adhesion) so as to reduce the 
cross bending of the bridge members, 
and the necessity of calculating them, so 
that they will resist the Baa eu 
forces. . 


vided for in the 3 ro 
_ ponding stays. : 


‘ing make it necessary to establish free _ 


mat ‘of the nao 
In the bridges built af i 

-Mayence with horizontal tes: fastened toi 

the cross beams, spaces have been pro- ’ 


three stays for brake action have been 
introduced fixed at a quarter, a half and 
three quarters the length of the platforr 
The bridge at N uwied is providec 
with a stay for four lengths of longitud- 
inal rail bearers with epee nsing gaps 
in the flooring. — gs a 
_ These divisions or gaps in the floor- a 


expansion supports for the longitudinal 
rail bearers lying on the cross girders. ‘7 
In the first examples, these supports — 
allow for a simple sliding motion, but 
in the later constructions (see the Ri — 
heim arrangement), the toothed r c 
working on a rack | is. much more com 
ote - 


stresses set up in the h 
The connection of the r 
cross girders would be i 
pe elie sinenet s 


slop ) 
-trimental 0 the l e ¢ 


= 
a Ed . ie 
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It should be remembered that in many 
railway bridges in France, and particu- 
larly in Belgium, the connection of the 
rail bearers and cross girders is made 
by means of plates connecting the upper 
flanges at the same level. 

This method, which gives great trans- 
verse stiffness to the flooring, makes it 
better for all the members to resist the 
stresses on the rails and obviates the ne- 
eessity of using stays for brake action 
effects. In the construction of medium 
sized spans, the gaps in the flooring be- 
come, not only useless, but even detri- 
mental, because the longitudinal rail 
bearers give an additional resistance 
difficult to estimate, but in no way ne- 
gligible as far as the lower members of 
the main girders are concerned. 

We must also remember that at the 
level of the upper surfaces of the rail 
bearers there exists a bracing to resist 
vibration which absorbs the lateral 
stresses of the road and the transverse 
stresses due to the wind on the flooring 
and on the trains. 


§ 3. — Cross section. 


When describing the Worms bridge, 
we pointed out the care that had been 
taken to render the main framing of the 


bridge as independent as possible of the 


distortion of the platform. This prin- 
ciple, the application of which was first 
suggested in the design got out by the 


_ «Société Harkort » of Duisburg for the 


Bonn bridge (not: proceeded with), has 
been carried out as far as possible in the 
Worms railway bridge already describ- 
ed. The verticals from which the plat- 
form is suspended are hinged on to the 
cross girders and the horizontal tie hung 
on to the latter butts laterally against 
them. 

In the Mayence bridge, which followed 


the Worms bridge in chronological order, 
the verticals are rivetted on to the cross 
girders. The horizontal tie, however, is 
still hung with lateral abutment against 
the cross girder. 

In the Sid Briicke, the independence 
of the three members has totally dis- 
appeared. It is only, however, with the 
Hohenzollern Briicke and in the Hamm 
bridge that a rigid connection is found 
between the three elements by means of 
large triangular gussets for stiffening 
purposes between the verticals and the 
cross girder. 

The principle of rigidity in the lower 
apex of the verticals has been maintain- 
ed in the Riidesheim, Neuwied and 
Ramagen bridges. 

The verticals from which the platform 
is suspended have a double « T » section 
made up of a web and four angles with 
wings that are generally unequal, the 
larger wing being parallel to the plane 
of the girder. This arrangement is ne- 
cessary to enable the verticals to resist 
the bending moment caused by a differ- 
ence of temperature between the hori- 
zontal ties and the main girder (410°-C. 
is generally allowed for). 


§ 4. — Upper windbracing. 


The upper windbracing and the cross 
framing between the girders have passed 
through a curious evolution in the struc- 
tures we have dealt with. 

In the Bonn and Dusseldorf bridges, 
we see for the first time an upper 
windbracing with intersecting diagonals 
and hinged joints following the neutral 
axis of the upper boom. 

This curved girder conveys the trans- 
verse wind stresses on to two rigid por- 
tals in the plane of one of the end 
verticals, then to the supporting contri- 
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vances by projecting ends of the verticals 
suitably strengthened. 

In the cross planes of the vertical 
frames, we also find two. rigid lattice 
struts between the top and bottom booms 
or chords as well as intersecting dia- 
gonals (of little use). 

The suspension verticals of the plat- 
form with the cross girders and the 
upper bracing make up therefore a series 
of rigid transverse frames in the plat- 
form. The principle of hinged connec- 
tions with diagonals terminating whistle 
shape is only made use of in the curved 
girder of the upper windbracing. 

In the Worms bridge, the upper wind- 
bracing girder stands alone. This is a 
girder with crossed bars having also 
jointed connections following the neutral 
axis of the upper member. The frame 
principle has totally disappeared, and 
the idea of « Freischwebende Bahn » 
dominates the whole scheme which en- 
sures the independence of the arch 
framework and platform as regards dis- 
tortion. 

In the Mayence bridge, the freedom of 
the upper windbracing is further accen- 
tuated by the suppression of the cross 
strut of the windbracing system, the in- 
tersecting diagonal girders alone remain- 
ing. 

The Sid Briicke at Cologne marks an 
evolution in the opposite direction. In 
it we still find the intersecting diagonal 
girders, but with rigid connections. The 
central span has, however, braced cross 
frames with upper struts in the middle 
panels. 

The Hohenzollern Briicke and the 
Hamm bridge return to the principle. of 
hinged joints. We may point out in pas- 
sing that the idea of supplementary 
windbracing between the lower members 
of the central span of the Hohenzollern 
Briicke is not a happy one. 


With the Rtidesheim, Neuwied and 
Remagen railway bridges, we return to 
our starting point. In them we find a 
curved girder for windbracing following 
the flanges of the upper booms. The 
apices of this girder are situated in the 
centre between the consecutive apices of 
the main girders. We find also the 
principle of rigid frames in the plane 
of the suspension verticals. | These 
frames consist of the suspension verti- 
cals connected by large triangular gus- 
sets to the cross girders. 

At the top, the main verticals of the 
girders are strengthened in the inside, 
forming with a plate web strut between 
the upper booms, rigid transverse portals 
making a rigid cross frame between the 
two main girders. - 

Contrary to the example and precedent 
of the Hohenzollern Briicke, only a single 
windbracing system between the upper 
booms has been provided (the central 
span of the Newwied bridge has however 
a length of 188 m.:[616 ft. 9 in.|). The 
effectiveness of this windbracing ap- 
pears to be sensibly increased by the 
apices being placed half way between the 
apices of the main girders. 


§ 5 — Bearings. 


Theoretically, means should be pro- 
vided to deal with the expansion taking 
place crossways as well as that in a 
longitudinal direction. This movement 
has been provided for in: the Worms 
bridge by arranging a fixed spherical 
centre of distortion with the addition of 
roller bearings working parallel with 
and normally to the centre line of the 
structure. The width of these railway 
bridges being small in proportion to 
their length (41/11 to 1/18), it has been 
found in practice that these cross rollers 
are apparently useless, and in those 


structures which followed in chronolo- 
gical order the Worms bridge, longitud- 
inal expansion only was taken into ac- 
count. 


_ § 6. — Other special points. 


With all these structures, great care 


has been taken to provide convenient 


y 
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arrangements for inspection and upkeep 
f the various metal parts. An inspec- 
tion trolley runs under each platform for 
the whole width, worked by hand by a 
system of gearing and running on the 
extreme edges of the lower flanges of the 
ttom chord. 
_ For the inspection of the top members, 


This short account of the chief meth- 
ods employed in designing these conse- 
cutively constructed bridges’ shows a 
curious and very instructive evolution in 
the ideas that prompted their general 
design and the various details in their 
construction. If we consider it from the 
railway engineer’s particular point of 
view, we should notice with interest that 
the principle of relative solidarity be- 
tween the various elements (Neuwied) 
seems to definitely predominate over that 
having the greatest possible indepen- 
dence (Worms).- The latter system can 
only be justified by admitting the diffi- 
culty for providing for, with sufficient 
accuracy, the reactions that take place 
between the members of large structures. 


~ It would also be necessary to balance up 
_ the advantages of this more exact static 
calculation with the inconvenience of 


Me exert 


the relatively greater freedom of motion 


— 551 — 


the angles for staying the webs of the 
box girders have been lengthened at re- 
gular intervals in order to carry brackets 
to form an inspection gangway. 

The inspection of the upper members 
of the Baerl bridge is effected by means 
of a trolley running on racks, one of 
which is hung on one side to the wind- 
bracing, and on the other to the boom. 

The flooring of some of these struc- 
tures carries a removable wooden cover- 
ing to allow the passing of artillery in 
war time, an arrangement which also 
allows them to be used as road bridges 
(Mayence, Siid Briicke, Rtidesheim, Re- 
magen, Neuwied). 


III. — CONCLUSIONS. 


of the members under the action of dy- 
namic loads. 

We are op opinion that the essential 
point about a railway bridge is the per- 
fect solidarity that should exist between 
all the members, thus ensuring the least 
possible amount of distortion to occur in 
the structure. It is hardly necessary to 
refer to the complexity and variable na- 
ture of the stresses produced on the road 
by large modern engines, and how neces- 
sary it is that an intimate union between 
all the parts should contribute to the 
general bearing of the whole structure. 

An important factor in this respect is 
the resistance to distortions of the cross 
section. The large arches which have 
been described are badly arranged from 
this point of view, the connection be- 
tween the platform and the main girders 
being effected by means of long flexible 
tie rods without sufficient transverse 
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Journal boxes with anti-friction bearings. 


By Oscar R. WIKANDER, 


ENGINEER, 


Figs. | to 3, p._ 585. 


(Railway Mechanical Engineer.) 


In view of the comparatively limited 
extent to which vehicles on rails have 
been equipped with anti-friction bear- 
ings it may appear premature to discuss 
the question of standardization of journal 
boxes for such bearings at the present 
time. The available experience, how- 
ever, indicates quite clearly certain lines 
which should be followed in the design 
of such boxes, in the interest of the rail- 
roads as well as of the bearing manuiac- 
turers. They may appear obvious, but 
the fact that they are not generally re- 
cognized and followed, makes it appro- 
priate to state them. 


Advantage of standard bearing sizes. 


The proposed international standard- 
ization of ball bearings, which at the pres- 
ent time is being extended to cover all 
bearing sizes that might be considered 
for use in journal boxes, restricts the 
choice of bearings to a limited number 
of types and sizes. 

‘To use bearings of special outside di- 
mensions should be discouraged because 
the grading of standard bearings is fine 
enough to meet all practical require- 
ments. The use of standard bearing 
sizes enables the railroad to substitute 
other makes for the one originally se- 
lected, if it should later appear desirable 
to do so. Internationa] standard size 
bearings are cheaper to buy and can be 
supplied from stock or on short notice 


from various manufacturers in different 
countries. 

The proposed international ball bear- 
ing sizes are intended to apply to roller 
bearings as well and will be followed by 
many leading roller bearing manufactu- 
rers. For vehicles on rails it may be 
taken for granted that only precision 
roller bearings will be used to any appre- 
ciable extent, at least for all applications 
where the service is comparatively 
severe and considerable shock loads may 
occur. On account of their limited 
shock load capacity, ball bearings have 
not proved satisfactory for such service. 


The question of the type of bearing. 


A fundamental question in regard to 
the design of such boxes is whether one 
or more bearings should be used in each 
box. In early Swedish designs two self- 
alining ball bearings were used in each 
box, one of which carried radial as well 
as thrust load, while the other carried 
radial.load only. This arrangement was 
used for freight and passenger cars, 
while two self-alining radial bearings 
and one thrust bearing were used for 
locomotive boxes to take care of the 
much higher thrust loads that are to be 
expected. 

If journal boxes are equipped with self- 
alining ball or roller bearings, there is 
good reason to equip each box with two 
bearings, because one would not main- 


“The » single bearing : 


_The following nay, ‘Be, on 


ited : We Haris sherie tally, hae or 
to have two covers for each box in or- 
der to facilitate the mounting and re-- 
moval of the bearings. " Horizontally 
split boxes were eliminated from modern. 
box construction years ago and railroad 
engineers are, for very good ny 
strongly opposed to such boxes. Second, © 
one bearing is easier to install, inspect Ss 
and remove than two or more bearing 
boxes. Third, the bending moment, 
caused by the load on the journal box 
, and acting on the axle section at the 
— shoulder of the inside bearing, is small- a 
; er in case of the single bearing, on ac- “Relations of load and bearing. 
: count of the sinallen leverage. Conse- - 

¥- quently it is possible to use a smaller 

bore for the single bearing than for. the 
inside bearing in a box with two or more | 
bearings. The outside ‘diameter of the — 

<3 single bearing can, in ‘most cases, be 

ae made smaller than the outside diameter — 
of the inside bearing in a two-bearing © 

box of the same Toad. carrying capacity. 

Y Fourth, the single bearing box is, there- 
ae fore, smaller, lighter and cheaper than | 
the corresponding box with two or more | 
bearings and is easier to adapt to exist-_ 
ing car truck designs. _ Bion weg 
f The load conditions of a railway — 
ees ~ journal box are such that they are easily 


‘ 
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S aninte to ascertain the maximum load 
_ which may be permitted to act in the 
_ transverse central plane of any standard 
_ roller bearing. 

In selecting the proper bearing type, 
y Peceféreuce will as a rule be given to the 
wide type of the heavy series, due to the 


on 

Fig, 2. 
rast between automobile and railway car journal 
bearing conditions. 


The dimensions of the roller bearings 
of the wide heavy series are given in 
table I. The values given correspond to 
_ the latest proposals for international 
_ Standards for such bearings. Assuming 
that the maximum permissible bending 
Stress which may occur in the axle end 
_ is known, it is then possible to calculate 
_ the maximum static load for which each 
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fact that these bearings have the largest 
load carrying capacity for a given out- 
side diameter or the smallest outside 
diameter for a given carrying capacity. 
A small outside diameter is desirable: be- 
cause the space between the center of 
the axle and the top of the journal box 
is often limited. — 
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Fig. 3. 


Sectional view of car journal 
with single roller bearing, showing dimensions for which 


standardization is proposed. 


bearing of the above series may be used 
without’ exceeding the maximum per- 
missible bending stress. If we let: 


Q =the maximum static load on the 
bearing in pounds, within the 
limits of the permissible bending 
stress in the axle. 


C =the distance of the bearing center 


$ bearing bore and depends alsa upon. the 


The Sanktant A ‘is. ‘different fe eat 


distance C. This is composed of half 


the width of the bearing and sometimes 
of an additional distance which differs 
according to the arrangement « of the bear- ps 


ing on the shaft. 


The following calculations Soniye to ya e 


concrete case : namely, the usual type of 
a Jaeger roller bearing journal box, as 
represented in figure 3 In this design | 
a disk S is inserted between the roller 
bearing and the shaft shoulder, which 
disk occupies a space in the direction of 
the axle of about 10 mm. It is provided 
with a large fillet and, therefore, it is 
very conservative if we assume that _ 


C= 1/2 the width of the bearing g+10mm. 


On this basis we have calculated the 
values of C in table I. The correspond-_ 
ing maximum values of Q are obtained 
by multiplying these values by the max- 
imum static bending stress in the axle 
permitted by the competent hee 
The table also contains the catalogue 
loads of the wide Jaeger roller bearings 
of the heavy series for 200 and 500 revo- 
lutions per minute, 2 

The following example will aT ieeiaie! 
the use of table I : The new, large freight 
cars of the German state railways are 
partly equipped with Jaeger roller bear- 
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bearings, which have about double the 
catalogue rating, require a factor of sa- 
fety of 2.6 or more. 

In the case under cousitlenation we 
find that the maximum speed of the axle 
is 300 revolutions per minute, for which 
speed a catalogue load of 13 000 kgr. or 
28600 Ib., can be computed. For the 
existing maximum load of 10 000 kgr., 
the corresponding factor of safety is thus 
1.3, which is sufficient. 


Minimum, 


Housing bore. 
Tnches. 


Maximum, 


Suggested basis for standardization 


On the basis of the above considera- 
tions, the writer suggests that all designs 
of railroad journal boxes, to be equipped 
with anti-friction bearings, be standard- 
ized as to the following points: First, 
bearing sizes should be specified accord- 
ing to the proposed or accepted. interna- 
tional standards-for ball-bearings. Sec- 
ond, each journal box. should.be.a solid 
steel casting, simply closed by a froni 
cover. Third, the box should contain 
only one roller bearing and the*center 
line of the load on the journal box should 
pass through the center. of the bearing. 

Table I contains in addition to the main 
dimensions of the standard’ wide heavy 
series,- also the maximum radii of the 
shaft shoulder and bearing housing fil- 
lets, T,, which may be used in connec- 
tion with these bearings. 

For the convenience of the users, we 
give in table II the internationally pro- 
posed bearing tolerances as well as the 
axle and housing Hat eS es” 
should be specified. _ 

The German state railways are at the 
present time preparing or making exten- 
sive tests with a number of different 

~ anti-friction journal box designs furnish- 
ed by the various prominent German bail 
or roller bearing manufacturers, and it 
is interesting to. note that the designs of 
Jaeger, Krupp, Riebe-Werke,-Fichtel & 
Sachs,. follow the above suggested lines 
of box design, using one centrally located 
bearing in each box, while two equally 
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Maximum. 


Tuches. 


Minimum, 


limits for bearing bore 
Minimum = O. 


Corresponding tolerance 
and outside diameter. 


DIAMETERS. 
— 180-260.... 
— 260-360 .... 


— 120-180... 


a 
3 


prominent manufacturers use two or more 
bearings per box. 


Summary. 


The author suggests as a basis upon 
which to standardize journal boxes with 
anti-friction bearings for vehicles on rails 
the following for consideration : First, 
bearings of the proposed international 
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standard sizes should be selected. . Sec- 
ond, each journal box should consist of 
one solid housing closed by a front cover. 
Third, the box should contain only one 
bearing and the center line of the load 
should lay in the transverse central plane 
of the bearing. — 

This information will enable the de- 
signer to calculate the space meeded to 
apply anti-friction bearings to any truck. 
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Markham Yard, 


Illinois Central, 


By W. P. CRONICAN, 


CHIEF DRAI GHTSMAN ILLINOIS CENTRAL RAILROAD, 


and 


ABNER BERNARD, 


SUPERINTENDENT PASSENGER SERVICE ILI.INOIS CENTRAL RAILROAD. 


Fig. 1, p. 560. 


(From the Railway Review.) 


-Markham Yard, now under construc- 
tion by the HMlinois Central Railroad will 
be, when completed, one of the largest 
hump operated terminals in the country. 
Ii is located about 21 miles south of the 
Chicago river, between the towns of 
Harvey and Homewood, adjacent to the 
miain line of the railroad. At the present 
time the yard is about 60 % complete. 

Rapid development in the design of 
steam locomotives, with the consequent 
increase in power and ‘efficiency during 
_ the past decade, has made _ possible 

greater economies in railroad operation 
by making possible longer and fewer 
trains. Perhaps the greatest single item 
of these economies is the reduction in 
the number of crews required to handle 
a given number of cars. It is safe to say 


that the trains of to-day have three times 
the gross tonnage of those of fifteen years 
ago; prior to that time the existing [li- 
neis Central Railroad yards at Chicago, 
namely : Wildwood yard at 127‘ street, 
Fordham yard at 90‘ street, and the 
South Water street terminal, were of 
ample size to handle the business. Bu- 
siness conditions during the period of 
the late war were generally conceded to 
be somewhat inflated and a speedy return 
tc normal conditions following the ces- 
sation of hostilities was predicted. 
Traffic and train tonnage steadily in- 
creased until it became impossible to 
handle the trains in the yards mentioned 
without doubling over onto other tracks. 
This condition greatly increased the 
switching necessary for classification 
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and making up of trains, and the corres- 
ponding cost increase at terminals mount- 
ed to a point out of all proportion to 
what it should have been. The absence 
of tracks long enough to accommodate a 
full tonnage train made it impossible to 
properly test the train air line before it 
was despatched, without moving the 
train onto the main tracks. This meant 
the tying up of the main until the test was 
cempleted. 

Various schemes were proposed for the 
expansion of the existing yards, but it 
was found after careful study that no 
successful plan could be worked out, and 
studies were begun and _ preliminary 
plans drawn up for the new yard. 

It was found that during the month of 
March, 1918 the number of loaded cars 
arriving in Chicago from the south was 
33 899, or an increase of 16 000 cars over 
the same month in 1913. This represents 
an increase of 90 %. Bear in mind that 
this was arriving business only. Add to 
this an equally large increase in the 
number of cars moving south and the 
conditions existing at the time construc- 
tion of Markham yard was authorized, 
not only as a desirable, but as an abso- 
lutely necessary measure, can be visua- 
lized. 

The usual problem of securing a proper 
site for the yard did not prove difficult. 
The tract selected, comprising about 
400 acres, lying east of the right of way 
and extending for three miles between 
the city of Harvey and the village of 
Homewood, offered almost all of the de- 
sired features. This land was practically 
vacant, with few streets, and, with the 
exception of a few acres of platted pro- 
perty within the. corporate limits of 
Harvey and Homewood, the entire tract 
was purchased as acreage property. . The 
tract was far enough south to offer a 
suitable terminal for steam power coming 
from the south and for the proposed 
electric power moving to the South Water 
street terminal. The natural rise in the 
surface is about fifty feet between Harvey 


on the north and Homewood on the south, 
thus making the grading requirements 
for the north bound section of the yard 
much smaller than would be expected. 
Since most of the trains moving south 
from the yard have less tonnage than the 
entering north bound trains, the gradients 
of the south bound unit of the yard could 
be reasonably increased over those of the 
rorth bound section. 


The grade crossing situation at the 
streets of Homewood and Harvey had 
Icng been a serious problem. for fast 
operation through the towns, and it was 
finally decided to elevate the main tracks 
and thus eliminate all grade crossings in 
the vicinity of the yard. With this con- 
cession on the part of the railroad, very 
little difficulty was experienced in secur- 
ing the -necessary ordinances covering 
the vacation of several streets crossing 
the yard, and the entire matter affecting 
the towns in the vicinity was handled to 
the satisfaction of al! concerned without 
litigation. The necessity of elevating the 
tracks through Harvey to eliminate the 
street crossings at grade greatly simpli- 
fied the problem of the grade crossing 
with the Baltimore & Ohio Chicago Ter- 
minal Railroad and the Grand Trunk 
Western Railroad, and in this way faci- 
litated the program for the Chicago ter- 
minal development work which calls for 
the elimination of all railroad grade 
crossings. 

The two roads mentioned have hereto- 
fore crossed the Illinois Central main 
tracks at grade just south of 152" street, 
and near the center of the city. The 
Grand Trunk Western Railroad main- 
tained a double track crossing and the 
Baltimore & Ohio Chicago Terminal Rail- 
road, a single track crossing about 120 
feet to the south of it. : 

A desirable feature of the site selected 
is, that it lies south of all the important 
interchange points with other railroads 
entering Chicago. This makes it unne- 
cessary to move cars intended for deli- 
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very to these roads beyond the actual 
interchange points. 

Nearly all of the grading for Markham 
yard, amounting to approximately 
4 000 000 cubic yards, will be embank- 
ment. A light cut will be necessary in 
the south bound section at the Homewood 
end. The fill at the north end of the 
yard is increased by the elevation over 
159™ street. The maximum height of fill 
is at the humps, where a 27-foot embank- 
ment is required in the north bound, and 
a 30 foot fill in the south bound section. 

Sand for embankment was first taken 
from property purchased for a borrow 
pit a mile east of the yard, but later was 
secured from the dunes near Miller, Ind. 
The borrow pit yielded approximately 
a million and a half yards, and the con- 
tractors are now furnishing filling from 
a pit near the original pit. It is estim- 
ated that this new pit will yield approxi- 
nately 900000 cubic yards. Consider- 
able material for embankment has also 
been obtained in the form of industrial 
refuse collected at points in and around 
Chicago.. This has been unloaded from 
cars by locomotive cranes. 

The maximum gradient in the north 
bound section, aside from the hump 
itself, is 0.35 %. This gradient is made 
necessary on account of the elevated 
main tracks at Harvey. The maximum 
gradient,in the south bound section is 
0.55 %, approaching the main tracks at 
Homewood. The 
were established after an exhaustive 
study of similar humps throughout the 
country, and the operation of the hump 
yard at Centralia, Il. 

Markham Yard consists of two princi- 
pal sections, one for north bound and the 
other for south bound traffic. Each 
section is composed of receiving, classi- 
fying and departing units. In addition, 
al. c. 1. transfer yard with five 700-foot 
transfer platforms, a 1000 car repair 
yard, complete modern icing facilities, 
and a 60-stall engine terminal will be 
constructed within the limits of the yard. 


humping gradients ~ 


The north bound receiving unit con- 
sists of twenty 100-car tracks divided 
into groups of ten tracks spaced on 13.5 
foot centers, with a 19-foot space between 
groups. Twelve of the tracks are now 
built. The remaining eight will be built 
as necessity requires. It is intended that 
incoming trains will be held in this yard 
until ready to go over the hump. In con- 
junction with the north bound receiving 
yard five additional 50-car tracks have 
been provided for cars requiring reclas- 
sification. — 

The hump end of the north bound re- 
ceiving yard is arranged with two paral- 
lel ladder tracks leading directly over 
the hump. Movement from the yard 
tracks to the secondary ladder track is 
accomplished by means of slip switches 
in the main ladder. In all cases the train 
passing over the hump will use the sec- 
ondary ladder, leaving the main ladder 
clear, so that an engine pulling a train 
into the yard while another is being 
humped can uncouple and use the main 
ladder to proceed to the engine terminal. 
This is one of the prominent features in 
the design of Markham yard and it will 
undoubtedly prove an economy. 

When a train arrives from the south it 
will pull directly into the receiving yard. 
The engine will uncouple and move to 
the engine terminal in the manner de- 
scribed. The conductor will deliver the 
waybills to the assistant yard master at 
the throat of the yard who will forward 
them to the general yardmaster, probably 
through pneumatic tubes. A car checker 
will be dispatched along the train with 
the conductor’s record, to check the car 
and seal numbers. He will chalk on the 
end of the car the number of the track 
into which the car is to be humped, and 
note such number on the record. When 
he has finished checking he turns the 
records over to the weigh master who 
notes the car number, class of car and 
lading on his blotter, in the exact order 
in which the cars will move over the 
scale. A list of the cars and the tracks 
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into which -they “will be -humped is 
delivered-to the towerman.’ This list is 
arranged in the order in which the cars 
will pass over’ the: hump,.so that the 
towerman knows in advance just where 
each car isto go. The train is now ready 
to be humped. 

The humping engine will detach the 
caboose and move it to a caboose grid 
adjacent to the south bound departure 
yard, where it is picked up when needed 
by the make-up engine working in the 
south bound units, and coupled to a south, 
bound train. This affords a very direct 
movement for cabooses and requires 
them to be moved only the length of: ihe 
scuth bound departure unit. 

After disposing of the caboose the 
hump engine will return to the rear of 
the train and at a signal will push it over 
the hump. The hump grades at Mark- 
ham will permit a humping speed of 
three miles per hour when business 
warrants. At other times a speed of two 
miles per hour is preferable. 

Before the car reaches the apex of the 
hump it is boarded by a car rider who 
will, in all cases, test the hand brake be- 
fore the car is detached. If the brake is 
found defective, the car is moved closer 
to the scale before it is uncoupled, so that 
its speed is restricted. Skate men must 
be stationed in the classification yard to 
take care of these cars, if necessary. In 
case this is done the skate man is no- 
tified where to place the skate and the 
car will proceed into the yard. 

The hump in the north bound unit is 
located just north of 171*t street. It has 
been designed fon the use of a mechanical 
hump at the apex and a 60 feet, 150 ton 
automatic recording: scale located just 
below. The distance from the center of 
the mechanical hump to the center of the 
scales is 101.5 feet, with 35 feet of 3.25 % 
gradient. This affords a maximum 
weighing speed of 7 miles per hour. Itis 
approximately 3000 feet from the scales 
to the lower end of the classification 
yard and gradients have been fixed to 


give a velocity of 11.7 miles per hour at 
the end. The scale is laid on a 1.0 % 
descending gradient, which increases. to 
a 3.0 % gradient for 95 feet after leaving 
the scales. This gradient meets a 2.0-% 
grade for 158 feet and then a 1.0 % grade 
into the yard. ; 

Some criticism has been offered be- 
cause of the proximity of the first switch 
of the classification yard to the mechan- 
ical hump. It has been suggested that 
the cars may run too close together to 
permit the operation of this switch be- 
tween cars going to opposite sides of the 
yard. Due to property restrictions it 
was found necessary to reduce this space 
from a desired 400 feet to 268 feet in 
order to secure desired track lengths in 
the yard. This‘is a violation of a cha- 
racteristic of nearly all hump yards, but 
it is maintained that the speed of the 
humping train governs the time interval 
between the cars, and this interval will 
not be materially decreased in this dis- 
tance, even in the case of a loaded car 
following an empty. With the maximum 
humping speed of three miles per hour 
the time interval between cars is approxi- 
mately nine seconds. In the case of a 
leaded car following an empty this inter- 
val will be decreased to seven seconds 
when the switch in question is reached. 
Seven seconds is considered ample time 
in which to throw the switch. When 
the humping speed is slower the interval 
will be correspondingly greater. 

The north bound classification yard 
has 62 tracks, not including a grid of 
thirteen tracks for commercial coal, and 
the necessary tracks for both light repair 
and bad order cars. The tracks vary in 
length from twenty to sixty cars, the 
short tracks being used for industrial 
classifications. The total capacity of 
this unit is 2600 cars. Tracks are divided 
into groups of ten, with a ladder for each 
group at the hump end and a separate 
ladder for each five tracks at the lower 
erd. Tracks are spaced 13.5 feet centers 
with 19 feet between groups. Each two 


mately 400 feet, with twenty-four degree 


taken “ihe, car to its proper place 
yard. These facilities have not as 
been constructed in Markham yard, b 
they will be before full operation i 
started. ? nce 
NG caréfal study has Been rua of the ‘ 
operation of the hump yard at Centrai 
Il, to determine the saving effected 
carrying the car riders back to the hump 
after they have taken the car into the 
classification yard, instead of letting | 
them walk back. It has been ascertai ned — 
that a material saving in the cost of © 
operation is made by the use of cars to 
return the riders to the hump. 
The car recommended for this purpose 
5 standard gauge with a short wheel base | 
to permit its operation on sharp curves, 
and 20 feet in length, with the cab mount- 
ed at the front, well above the body to 
permit unobstructed view while operat- 
ing forward or backward. A foot board 
is provided for the riders with a grab 
iron at shoulder level on the sides and — i 
rear. The cars will operate from the © 
hump through 14-foot reinforced con- 
crete tunnels at the throat of the yard: 
leading into the 34-foot spaces already 
mentioned. The approaches to the tun- 
nels will be on 6.0 % grades for approxi- 


oe oe engine | ‘stationed eae the | 
hump will proceed into the clas: 
yard as soon as the last car of the t 


curves at the portals. The cars will of wae made -possib b 
operate at a speed of twenty miles per ment, ‘ : 
hour, slowing down at the tunnels to bees Beet boun d depart i 
insure safety. At this speed it will be — 
possible for a car to run into the yard, 
pick up. the riders and. poe in five 
minutes. | i 

Attempts have been made to RES a 
formula for the number of car® adore 


a 
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tracks are now laid; the other ten will 
be built as necessity requires. 

At the north end of the departure yard 
a complete air plant will be installed to 
test and charge the train lines before the 
train is despatched. Two electrically 
driven air compressors will be used to 
supply the air for this purpose. The test 
will be made while the train stands in the 
departure yard and before the steam or 
electric locomotive is coupled on. A si- 
milar plant will be located at the south 
end of the south bound departure yard. 

The south bound units are similar in 

arrangement to the north bound. The 
grading is about 75 % complete at this 
time, but very little of the track work has 
been done. The south bound receiving 
unit will consist of twenty 80-car tracks, 
twelve of which will be built at the pres- 
ent time. The classification unit will 
consist of forty-two tracks of varying 
lengths to hold twenty to fifty cars, with 
a total capacity of 1500 cars. Two rider 
tracks will be operated through the yard. 
The departure unit will consist of twenty 
110-car tracks, ten of which will be 
built at the present time. These tracks 
are built to accommodate 110-car trains 
of empty coal cars moving south to ihe 
mines. : 

The less than car load transfer yard 
probably will be located between the 
north bound receiving unit and the south 
bound departure unit south of 171** street. 
The plans provide for standing 150 cars 
at the transfer platforms. Arrangements 
have been made for tracks leading di- 
rectly from the classification yards into 
the l.c.1. yard. Switching of cars, when 
necessary, will be done in the 1. c. 1. yard 
‘itself. No sorting will be necessary at 
the classification yards, other than the 
ordinary segregation of cars containing 
}. ec. 1. freight. 

Plans for car repair facilities have not 
yet been approved, but it is probable that 
a bad order storage yard with a capacity 
‘of 1000 cars will be located between the 
Classification yards. Bad order cars 


will be humped into grids so located that 
a quick transfer can be made into the 
storage yard. From the storage yard 


' they will be moved as needed into the 


repair sheds located adjacent and paral- 
le] to the north bound classification unit. 
Light repairs to cars will be made on 
two tracks provided for this purpose at 
the sides of the classification yards. 


The engine terminal will be located 
either adjacent to the north bound re- 
ceiving yard or between the north bound 
departure yard and south bound receiy- 
ing yard. Objection to a more central 
location has been made because of the 
probability of smoke drifting across the 
classification yards and obscuring the 
view of the towermen and riders. Prob- 
ably the determining factor for the loca- 
tion of the mechanical facilities will be 
the shortest run for the road freight crews 
and engines after leaving the train. 


Definite design for the engine termi- 
nal has not as yet been approved. Jt is 
probable, however, that twin, 30-stall 
houses will be used. ‘Turntables 100 feet 
in length are considered sufficient to 
handle the power used on this division. 
Double track, deep water quenching 
cinder pits 250 feet long will, in all pro- 
bability, be adopted. The coaling plant 
probably will be the elevating, automatic 
bucket type of 1 200 to 2000 tons capa- 
city. It has been estimated that the en- 
gine terminal will be required to handle 
from 150 to 200 engines per day during 
the busy seasons, so the entire arrange- 
ment will be made as flexible as possible. 


Double track, engine subways. of rein- 
forced concrete will be constructed to 
permit locomotives to pass under each 
hump. 

Lighting for the yard will be provided 
by 1000 watt flood lights located in bat- 
teries of four lights each on 75-foot steel 
towers at the ends of each unit. The 
poles for the lighting circuit will be set 
in the center of each unit so that local 
lights may be installed on the poles, if 
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He twelfth annual report ‘to the: Si 


at terstate. Commerce Commission © 
A. G. Pack, chief inspector of the Bure: 
of Locomotive Inspection, for the fisc i 


: 2s year ending 30 June 1923, shows amark- _ 

i coe a ed increase in the number of defects and 

= aeeidents due to the abnormal preva ling 1 

Tas. conditions. - An abstract of the AeeOT Wes 

= follows: —. Bo eae asi sions. whic. 


The percentage of locomotives found 

SS deer ce increased from 48 % dé ring 

Ges owt the preceding year to 65.%, and the total 
“ey : number of defects increased ae 

; mately 70 %. The deteriorated condi- 

tion of motive power is sharply reflected 

in the increased number of accidents and 


SO 


Rei: casualties. A comparison of accidents — 
ate and casualties during the year as com- riser patra tal? ‘a fec 
3 aor pared with the preceding year shows an were vatousid jones 


increase of 117 % in the number of acci- 
dent, 118 % in the number killed, and year. & 
aA, 2 120 % in the number injured. ; clearly establicts then 

; ‘ Records covering locomotive failures” priest Mae and prepa 
indicate that the number of locomotive 
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Accidents caused by the failure of some part of appurtenance or the boiler. 


Number of accidents . 
killed . 
injured 


Accidents caused by the failure of some part or appurtenance of the locomotive and tender, 
including the boiler. 


Number of accidents . 
killed . 
injured 


1923 1922 1921 1920 
509 273 342 439 
47 25 St 48 
594 318 379 503 
1923 1922 1921 1920 
1 348 622 735 843 
12 33 64 66 

1 560 709 800 916 


Derailments and accidents due to defects in or failure of some part of the locomotive or tender. 


Number of derailments (+) 
killed . 
injured. 


During the year numerous accidents 
were investigated where welds made by 
the fusion or autogenous process were 
involved. The investigations fully sup- 
port the position previously taken that 
this process has not reached a state of 
development where it can safely be de- 
pended upon in boiler construction and 
repair where the strain to which the 
structure is subjected is not carried by 


‘other construction, nor in firebox crown 


a 


sheet seams where overheating and fail- 
ure are liable to occur, or on any part of 
the locomotive or tender subject to shock 
or strain where, through failure, accident 
and injury might result. 

Numerous accidents have occurred due 
to the failure of autogenously welded 
Seams and cracks ‘in the boiler back head. 
One fatal accident of this nature occur- 
red where an autogenously welded crack 
21 1/2 inches long in the boiler back 
head failed while the locomotive was 


1923 1922 1997 1920 
38 22 8 7 
4 2 i iu 
157 61 30 18 


hauling a passenger train, resulting in 
death to the engineer and the serious in- 
jury of the fireman. The scalding water 
and steam escaping through the rupture 
compelled the engineer to leave the cab 
without being able to close the throttle or 
apply the brakes in the usual way. The 
engineer and fireman climbed out of and 
around the left side of the -ab to he run- 
ning board and to the front end of the 
locomotive, where the angle cock was 
opened and the brakes applied. 
Accidents caused by defective grate- 
shaking apparatus increased from 48 
during the preceding year to 138 during 
the present year, an increase of 187 %. 
The major portion of these accidents 
were caused by the shaker bar not having 
a proper fit on the fulcrum Jever, Since 
it is impossible to avoid the changing of 
shaker bars from one locomotive to an- 
other, each carrier should adopt a stan- 
dard whereby shaker bars are made 


() Only derailments reported by carriers as being caused by defect in or failure of parts of the locomotive 


or tender were investigated or counted. 


Fig. 


Fig. 4. 
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interchangeable with a proper fit on the 
fulcrum levers. 


— Low water caused autogenous weld 
to open up for 36 inches. 


2. — Overheated crown shect pulled away from 2u8 
radical stays and pocketed 17 1/2 inches without other 
material damage. 


the preceding year to 40 during the year. 
A majority of these accidents were due 
to the injector steam pipe pulling out ot 
the brazing collar due to defective work- 
manship and to breakage caused by weak, 
light construction and to defective ma- 
terial. In many instances the failure of 
injector steam pipes was contributed to 
by the injector not being properly fas- 
tened so as to relieve the steam pipe from 


Accidents due to the failure of injector 
steam pipes increased from nine during 


and one with hole plugged. 


the weight and vibration of the injector 
and its connections. 

Accidents which reflect the general 
condition of driving gear, running gear, 
ete., increased materially. For instance, 
main and side rod accidents increased 
from 23 to 53; valve-gear accidents in- 
creased from 18 to 59; and accidents due 
to failure of reversing gear increased 
from 53 to 100. 
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During the year 230 applications were 
filed for extension of time for removal of 
Investigation disclosed that in 34 
cases the condition of the locomotives 
was such that no extension could be 
granted. Fourteen were in such condi- 
tion that the full extension requested 
could not be authorized, but an exten- 
sion for a shorter period was allowed. 
Fourteen extensions were granted after 
defects disclosed had been repaired. 
Thirty applications were withdrawn and 


_ the remaining 138 were granted. 


There were filed 5076 specification 
eards and 11 187 alteration reports ne- 
cessary in determining the safe work- 
ing pressure and other required data for 
the boilers represented. These cards 


and reports were analyzed and corrective 
measures taken with respect to numer- 
ous discrepancies which were found. 
It was required that many older and 
weak boilers be reinforced or the work- 
ing pressure reduced. 

In two instances appeals were taken 
from the decision of inspectors and after 
careful consideration of existing condi- 
tions the appeals were partially sustain- 
ed and partially dismissed. The deci- 
sions of these inspectors were techni- 
cally in error, but practically. correct. 

The recommendations for betterment 
of service made at the close of the report 
were the same as last year. The follow- 
ing is a brief summary of these recom- 
mendations : 


Persons killed and injured, classified according to occupations. 


1921 1920 


1923 1922 
Killed. | Injured. | Killed. Injured. 


Members of train crews : 
_..Hngineers 
Firemen . 
Brakemen 
Conductors . 
Switchmen . 
Roundhouse and shop employees : 
Boiler makers 
Machinists 
Foremen . 
Inspectors, . 
Watchmen . 
Boiler washers . 
Hostlers . 


Other round house and shop employees. 
Other employees . 


Non-employees. 


Total. 


Killed. | Injured. 


Killed. | Injured 
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|| PART OF APPURTENANCE 
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Air reservoirs Seige het eee 


‘Aprons. a pas 
Arch tubes... - 
Ash-pan blowers . See he 


Pie dt tis Bie Ne tke hs a See 


| Blow-off cocks Code 5 a es ms 2 


Boiler Chetk sage 2a oe eae 


m Boiler explosions : iS fe Kee 
A. Shell explosions... . . . 
|— B. Crown sheet; low water: 


‘ee no contributory causes | 
a SU Sa nei Sige a. 
= —C. Crown sheet; low water; 
re _ contributory causes or 
Se : defects found. se es 
a D. Firebox; defective stay 
a bolts, crown stays, or 
Aa sheets Soar rar ocrats «case 
| Brakes and brake rigging .. . . 

Gouplers sgits gic es eee 

7 Crank pins, collars, ete... .. .| 
; Cross heads and guides... ... 
Ss Cylinder cocks and rigging. . . . | 
ea Cylinder heads and steam chests . 
Draft appliances . oe eg oe 

Draw gear el one ea SoH 

Fire doors, levers, etc... .. . 
; Hite fs ooh bonis lee ee 
Hine pockets-2. sacs sy. eras 3 Sines 
- : Root cbodndss.s awed oe oes 
Gage cbcks «.;}iu5 one me Beck 

Grease cups... . hes: Beh ca! 

Grate" shakersti.720) 0 aeonees 

é Handholds eT. rime men * M 
: Headlights and brackets . . 4 - 


, trailin 
‘alve gear, eccentrics and rods. . 
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Total. . 4348] 72 
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MISCELLANEOUS INFORMATION 
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1. — 4-6-4 tank engine, London Midland & Scottish Railway. 


Figs, 1 and 2, pp. 574 and 575. 


The Londen Midland & Scottish Railway are 
building, in their Horwich Works, ten 4-6-4 
tank engines of a new type and of which we 
give a drawing taken from the Railway Ga- 
zette (fig. 1). 

The engines are intended for working heavy 
suburban traffie and also to replace, in certain 


eases, the 4-6-0 express locomotives, the main, 


features of which are incorporated in them. 
They have, for example, four cylinders ar- 
ranged for single expansion working, the inside 
cylinders are coupled to the leading axle by 
means of connecting rods 6 ft. 8 in. in length 
the outside cylinders acting on the second axle, 
the connecting rods being 11 feet long. The 
four valves are operated by means of two sets 
of Walschaert’s valvé gear situated outside 
the frames. 

The piston valves are provided with pressure 
release valves designed by Mr, Hughes, chief 
mechanical engineer of the company, in which 
steel balls are held_on their seatings by the 
steam pressure in the steam chest, and which 
are forced off their seats should an excess of 
pressure occur in the cylinder. 

The cylinders are cast in three pieces, the 
two inside cylinders and their steam chests 
forming a single casting. 

A special featuré* of these engines is the 
superheater, which has been designed by 
Mr. Hughes, and which has already been used 
on 0-8-0 locomotives. This superheater, which 
is known as the « Horwich Superheater » dif- 
fers from those in general use, in that the 
header instead of being in one single casting 
with two chambers, one for saturated steam 
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and the other for superheated steam, is made 
up of one top casting receiving the saturated 
steam and two bottom castings which receive 
the superheated steam. This arrangement, 
which has been given the name of the « top 
and bottom header » superheater, has the ad- 
vantage in that any chance of transmission of 
heat from the superheated to the saturated 
steam is done away with. The large smoke 
tubes are placed in two vertical rows on each 
side of the centre line of the boiler; the two 
bottom headers are bolted directly to the cyl- 
inders, thus doing away with any external 
steam pipe. The drawing figure 2 shews this 
superheater as fitted to the 0-8-0 engines. 


The principal dimensions of the 4-6-4 loco- 
motives are as follows : 


Cylinders (4) diameter . 16 1/2 inches. 


Piston stroke . = 26 inches. 
Diameter of coupled wheels 6 ft. 3 in. 
— _ of bogie wheels 3 ft. 0 3/8 in. 
Wheelbase bogie . T feet. 
~ rigid . 43 ft. Tin. 
= total . Ser. 40 tt) 4:in, 
Boiler, length between tube plates’ 414 ft. 8 in, 
— diameter inside frontend. 5 ft. 7 in. 
— height of centre from rail. 8 ft. 44 in. 


Boiler, heating surface (water side) : 
Tubes (large and small) . 1 817 square feet. 
BS VOX torts ot not 180 — — 


Total. 4°997 square feet. 
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One of the most interesting of recent loco- 
designs is that of the Chesapeake & 
8-2 type single expansion Mallets, of 
are being delivered by the American 
ve Company. The Chesapeake & Ohio 
ployed Mallet ‘locomotives for a number 
ears, but these have been of the 2-6-6-2 


¢ of the United States Railroad Ad- 
teaton Car atire ; 
he tunnels and restricted clearances on the 
peake & Ohio have prevented the use of 
savier type articulated locomotives of the 


Fig. 2. — « Horwich » superheater as applied to 0-8-0 locomotives. 


‘The length of run is limited only by the 


which were placed in service during — 


99 6. Ww 
2.000 gallons, 
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water pick-up gear arranged for use when. 


running in either direction. : 


‘ 


2. — Chesapeake & Ohio 2-8-8-2 simple Mallet. 
| Figs. 3 to 8, pp. 577 to 581, 


’ (From the Railway Mechanicat Engineer and the Railway Review.) : 


usual design. The problem presented was 
therefore that of designing as powerful a loco- 
motive as possible without exceeding the clear- 
ance limitations. As space was not available 
for compound eylinders, the very unusual prac- 


tice of making all four cylinders high-pressure, 


single-expansion was adopted, While the almost 
universal practice in Mallet locomotives is to 
use doublé expansion, the Pennsylvania has 


had in’ operation for several years one large 


2-8-8-0 simple Mallet with limited cut-off and 


« few small simple Mallets have been built at 


various times for export or industrial service 
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This is the first instance, however, in which 
any considerable number of large articulated 


locomotives of the single-expansion type have. 


been built. 


Another important consideration, which led 
to the unusual design of these locomotives, was 
the desire to operate them at higher running 
speeds than experience has shown to be prac- 
tical for heavy compound articulated locomo- 
tives. By increasing both train loads and 
operating speeds, the maximum increase in 
traffic capacity could be obtained. 

The new Chesapeake & Ohio engines, known 
as Class H-7, or Chesapeake type, are remark- 
able for their power, large boilers and com- 
pact, carefully worked out design. The main- 
tenance of Mallet locomotives used in heavy 
service has always been considerable of a prob- 
lem. This has been met on the Chesapeake 
& Ohio by organizing special repair gangs at 
all terminals and giving prompt attention to 
the features requiring attention without post- 
poning work until the locomotive was removed 
from service for extensive repairs. Having 
had an extended experience with a considerable 
number of Mallet locomotives, it very properly 
followed that in making an entirely new de- 
sign, careful attention was given to details so 
as to reduce attention and maintenance ex- 
penses to the lowest point possible. 

‘These locomotives are practically two Con- 
solidation engines with only one boiler. They 
measure 109 ft. 3 3/8 in. from the front of the 
eugine to the rear of the tender and have a 
total weight of 775000 lb. in working order 
with the tender loaded. The distribution of 
the weight is as follows: 32000 Ib. on the 
front truck; 251500 lb. on the forward set of 
drivers; 239500 lb. on the second set of dri- 
vers, and 42000 Ib. on. the trailing truck, 
making the total weight of the engine alone 
565 000 lb. The engine alone is 70 ft. 1 5/8 in. 
long. The driving wheel base of each unit 
is 15 ft. 9 in., the engine wheel base is 58 ft. 
1 in., and the total wheel base of the engine 
and tenitiee is 98 ft. 3/8 in. “All four cylinders 
are 23 inches in diameter with a 32-inch 
stroke. The driving wheels are of 57 inch dia- 


meter and the rated tractive ‘force of the loco-- 


motives is 103500 lb. They are designed ‘to 


3 677 H. P., or 942 %. 


operate on 20° curves and on grades up to — 
1 1/2 %. / 
The boilers are of an exceedingly interesting 
design and are the longest ones ever built at 
the Schenectady plant of the American Loco- 
motive Company. The length from the front 
of the smoke box ring to the back end of the 
mud ring is 56 ft, 11 1/8 in. The shell of 
the boiler, which is of the straight top type, 
consists of five courses, not including the 
smoke box or the firebox wrapper sheet. 
The inside diameter of the first course is 
92 inches and the outside diameter of the 
course back of the dome is 104 inch diameter. 
The photograph of the locomotive as‘well as 
the drawings show that every available inch 
was used without exceeding the restricted 
clearances allowable. The dome is_ only 
5 1/2 inches high and the stack extension is 
but 11 1/2 inches. 
The provision of ample boiler capacity is 
one of the conspicuous features of the design. 
Upon sufficient steaming capacity depends the 
ability to maintain the speed with trains which 
the locomotive was designed to haul. The wide 
firebox is 204 1/8 inches long and 96 1/4 inches 
wide. It is fitted with a Gaines firewall and 
has a grate area of 112.9 square feet, 169 inches 
by 96 1/4 inches,-for burning soft coal. There 
is also a combustion chamber 69 inches long. 
Arch tubes are not used, although provision 
was made for their future application should 
this be found advisable. There are 278 tubes, 
2 1/4 inch diameter and 60 flues, 5 1/2 inch 
diameter, the length being 24 feet. There is 
6 443 square feet of evaporative heating sur- 
face, 467 square feet being in the firebox and 
5 976 square feet in the tubes and flues. The 
heating surface of the 60 units of the type A 
superheater is 1 885 square feet. According to. 
Cole’s proportions, the rated cylinder horse- 
power is 3.902 H. P. and that of the boiler 
is does not include 
any allowance for the effect of the two Elesco 
feedwater heaters, with which all these loco- 
motives are equipped. »: 
The firing is done with a “paplens stolen 
which is here called on to perform what is 
probably the most. strenuous work ‘ever de-- 
manded of ‘it: The estimated coal consump- 
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Fig. 6. — Firebox end of beiler for Chesapeake & Ohio 2-8-8-2 Mallet locomotive. 


Fig. 7.. — Back view and cross-sections of the Chesapeake & Ohio Mallet boiler. 
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the form of a Y, in the front cylinder castings, 
into the valve chambers of the front set of 
cylinders. In order to reduce steam leaks and 
to prevent the loss of heat all of the steam 
pipes are provided With either swivel joints 
or a form of sliding connection and are cover- 
ed with insulating material as well as sheet 
metal jackets, while Okadee drain valves are 
provided to permit the condensed steam to 
escape from the pipes. 

Two exhaust pipes, one for each cylinder, 
running parallel with and under the steam 
supply pipes, connect the back cylinders with 
the exhaust nozzle in the smoke box. Two other 
exhaust steam pipes are provided for connect- 
ing the front cylinders with the exhaust nozzle, 
and as was the case with the steam supply 
pipes, these exhaust pipes are also provided 
with suitable swivel joints or sliding connec- 
tions as required to provide a means of keep- 
ing the pipe joints tight when the engine is 
on curved track. 

It will be noticed in the illustrations of the 
front end arrangement that two separate ex- 
haust nozzles were originally provided, one for 
each set of cylinders, and a separate passage 
was provided -in each nozzle for the exhaust 
steam from each of the four cylinders, but 
since the-engines have been placed in service 
these exhaust nozzles have been redesigned, 
and instead of having four openings, two in 
each exhaust nozzle, the engines now have two 
exhaust stands with but one opening 5 1/4 
inches in diameter in each nozzle. This change 
was made by the mechanical department of 
the road in order to reduce the amount of fuel 
and water consumed and has proved so satis- 
factory that it is possible that the exhaust 
nozzles will eventually be increased to 6 inches 
in diameter, which is considered quite large 
for cylinders 23 inches in diameter. 

The rated tractive force at 85 % with the 
four 23-inch by 32-inch cylinders, 57-inch driv- 
ing wheels and 205 lb. steam pressure, is 
103 500 Ib. The steam is controlled by 14-inch 
piston valves operated by Walschaerts valve 
gear. The reverse gear is the Alco, Type E. 
The cylinders are fitted ‘with Mellin by-pass 
valves and vacuum relief valves. 

Carbon-vanadium steel is used for the main 
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and side rods, the crank pins, the piston rods, 
the wrist pins, the valve motion parts and also 
for the leading and trailing truck axles as well 
“as the driving axles. The piston is of forged 
‘steel. The main driving axles, which have 
11 1/2 inches by 13 inches journals and the 
other driving axles, which have 11 inches by 
13 inches journals, are all hollow bored. The 
frames are of vanadium cast steel. 
The leading truck is of the Commonwealth 
« Economy » constant resistance type. The 
trailing truck is of the Delta type. Engine 
truck, trailing truck and tender truck wheels 
are of forged steel. : 5 
The throttle in the dome is of the American 
Locomotive Company’s design, top-lift type 
with a pilot valve. The dry pipe is 9 1/2 inches 


sate Deflecting Plates---*"~ i 


a mee Ree 


inside diameter, 1/4 inch thick, An unusual 
feature is that of the slipping throttle with a 
choke resembling a stove pipe damper in the 
rear unit exhaust pipes and the front unit 
steam pipe. These are operated by an air cyl- 
inder mechanism, independently controlled by 
three-way air valves located in the cab. 

The smoke box front end is made in three 
sections. The feedwater heater is mounted on 
the top section. The lower sections are divid- 
ed vertically. An 8 1/2-inch cross-compound 
air eompressor is mounted on each of these 
sections, which are arranged to swing out with 
the air compressor on Okadee hinges. A center 
plate is also provided which permits of access 
to the front end without disturbing the air 
compressors or the feedwater heater. 


Fig. 8. — Smoke box construction showing design of double stack, one for each engine unit. 
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The headlight’, Pyle-National Type K-2, 

operated by a turbo-generator, are placed down 

| near the bumper beams. 

; These locomotives will be operated. through 

a number of tunnels, some of which are quite 
long. A noteworthy feature is the provision 

that has been made for the comfort of the en- 

while passing through these tunnels. 


As a result of extended tests made by the me- 
chanical department of the Chesapeake & Ohio, 
assisted by experts from the Bureau of Mines, 
Department of the Interior, two steel fan 
blowers, Buffalo Forge Company’s size No. 2, 
were installed under the cab deck, one-on-each 
side. -They are driven independently by Pyle- 
National, Type K, headlight turbines. The 
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ee. a Franklin ane anes dpaaberd connects 
ie locomotive and tender. as 
- Some difficulty was experienced _ in finding * 
a space for the main reservoirs of the est- 
inghouse air brake system. This was finally — ie 
taken care of by using three reservoirs, one 
14-inches by 144-inches on the right-hand side, 
one 14-inches by 108-inehes on the left-hand 
side and one 14-inches by 120- inches near the 
‘ top of the boiler, The total reservoir Ck 3, 
Erte tee is 70696 cubic inches. | + Se 
ms ; Among the specialties the foliowiae not pre- 
viously mentioned, are included: Hancock non: 


r 


Og - 
> 


: ae truck.. 
Bab: ging 


Sines main. an 


E “2 lifting Type K injectors having a capacity of ee ao oe ae 
Pare 9000 gallons per hour, and accompanied byaas one: oe 
3-inch check valves; three 3 1/2-inch Conso- Front truck. 


lidated safety valves, two open and one muf- ~~ railing truck, 
~ a fled; Okadee 2-inch Type FH blow-off cocks; phils 2 a ata 

on Okadee WG 138 water gages; Franklin grate 
Pees shaker and No. 8 firedoor; Nathan eight-feed 
Ee PAs a lubricator; Graham-White sanders; Detroit 
a = : flange oilers; United States Metallic packings 
for piston rods and valve stems; Hunt-Spiller. 
gun metal bushings for cylinders and valve 


ie ee chests; and Barco flexible joints in air lines 
Meets : between engine and tender and screw type 
22, eee flexible joints in main reservoir pipes. Ba 
ri _ The general dimensions and proportions of 
; b _ these interesting locomotives are given in an leuk. ore tube sheet: 
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Heating surfaces : 
Firebox and combustion cham- 


BER Mae ita NAS ak or sping tote 467 square feet 
SUSE CS Ces hi Cae ee 3912 — 
Hess teehee ee eae ke chor arne Sei 2064 — — 
Total evaporative....,....... 6448 — — 
Superheating: pines ee sepa. ee 1885 — — 
Combined evaporative and su- 
Perhertin ey hiya sc. \o.q)iecurs 8328 — — 
Tender : 
Biv leweemvere tye toi “eles sist ea Cylindrical. 
Water Capacity ..-....6..0054¢ . 42.000 gallons. 
Coaveapacity oft. st ocaie. Sie ns see ees 15 tons, 
iRracksreval hist Gece Se. 8s Four-wheel 
General data estimated : 
Rated tractive force, 85 °/o ........ 103 500 Ib. 


Cylinder horsepower (Cole)......... 3 902 H. P. 
Boiler horsepower (Cole) (est.) (').... 83677H. P. 


Speed at 1000 feet piston 
SPCC gists h Mass acted. 6 aes 34.8 miles per hour. 


Steam required per hour........ .. 84 162 Lb. 
Boiler evaporative capacity per hour(!). 76 472 Ib, 


Coal required per hour, total......... 42 682 lb. 
Coal rate persquarefootgrateperhour, 442.9-1b. 


Weight proportions : 


Weight ondrivers— total weight engine,?/. 86.9 
Weight on drivers — tractive force..... 4,94 
Total weight engine — cylinder H.P..... 447.4 
Total weight engine = boiler H. P....... 156.4 
Total weight engine — combined heating 
SUELACE a, sam aieieets, foes oee Sit beer oye 67.9 
Boiler proportions : 
Boiler H. P.~cylinder H. P., Jo (!)..... 94.2 
Combined heating surface + cylinder H.P. 2.13 
Tractive force ~ combined heating surface. 12.42 


Tractive force X diameter drivers— com- 
bined heating surface.......... ..+.- 708 


Cylinder H. P. — grate area.. ......... 34.5 
Firebox heating surface + grate area.... 4.40 
Firebox healing surface, °/» of evaporative 
HeatimeySupiales sear, doses eee. os hale 
Superheating surface, °/o of evaporative 
INGALINGVSUTIACE nie site) <y)>|p) oi slelver cise « 29.25 
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.8. — Paris-Orleans: condensing locomotive, 
By H. LEFLOT, 


INSPECTOR OF EQUIPMENT, PARIS-ORLEANS RAILWAY, 


Figs. 9 and 10, p. 584. 


(Rathoay Mechanical Engineer.) 


The Paris-Luxembourg line to Sceaux and 
Limours runs well into the City of Paris and 
passes through a tunnel, a little over a mile 
long, situated between the stations of Paris- 
Luxembourg and Paris-Denfert. When the 
line was built it was apparent that certain 
measures must be taken to avoid inconvenience 
to the passengers from the escaping smoke and 
steam of the locomotive during the passage 
through the tunnel. 

Black smoke could be done away with by 
special care in the control of the fire, but the 
question of the exhaust steam remained. To 
evercome this trouble, the Paris-Orleans rail- 


road equipped a locomotive with an arrange- 
ment for condensing in the water tank as much 
of the exhaust steam as possible. 

On the first locomotive equipped with con- 
densing apparatus the boilers were fed by in- 
jectors. Upon teaching the end of the tunnel 
at Denfert, it was found necessary to partly 
empty the tanks and replace the hot water by 
cold water taken at the water crane, in order 
to obtain a sufficiently low temperature to 
secure reliable action of the injectors. 

Furthermore, to insure a supply of water to 
the boiler during the time the condensing ap- 
paratus was in operation, a supplementary 


') No allowance for fee !water heaters included. 
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cold water tank, having a capacity of 106 gal- 
lons, was employed. This tank was so ar- 
ranged that it could be placed in communica- 
tion with the ordinary tanks or held in reserve 
until needed. 

This method of operation wasted a consider- 
able amount of water and fuel and caused an 
undesirable loss of time between stations only 
a short° distance apart, where quick service 
was important. 

The original locomotives haying become in- 
capable of making the running time with the 
increasing traffic that had to be handled, it 
was decided to replace them by more powerful 
tank locomotives of the 2-8-2 type fitted with 
superheaters, At this time, in order to do 
away with the inconveniences mentioned, we 


developed a new condensing apparatus and ap- — 
plied two Worthington pumps for feeding the 
boiler. This permitted using the water in the 
tank at all times no matter what the tem- 
perature might be. 


Description of the condensing apparatus. 


As will be noted from the drawings, this 
apparatus is a sort of surface condenser. It 
consists of copper exhaust pipes C, brass 
pipes, E, for condensing the exhaust or dis- 
charging above the water in the tank any 
steam that has not been condensed, also copper 
pipes, G, which permits the final escape to 
the atmosphere of the non-condensed steam if 
any still remains. 


MaximumbLevel 


SECTION 'Y-Y° 


Fig. 10. — Cross sections: *- 


SECTION "X-X™ 


The waste pipes are two in number; the 
main waste pipe,.K, terminates underneath 
the coal box. and has at the end a double 
elbow, which forms a trap to prevent the 
escape of the non-condensed steam in the 
pipe E. The other pipe, K’, discharges the 
water of condensation between the first and 
second pair of driving wheels. 

To permit the utilization of the apparatus 
at will, a control valve, A, is placed in the 
exhaust pipe of each cylinder. Both of these 
valves are operated by the handle, J, located 
conveniently for the engineman. This permits 
the directing of the exhaust steam into the 
water tanks or to the atmosphere by way of 
the stack. 

The two water tanks, D, are connected by 
the cross-over pipe, M. They can be emptied 
by a valve, L, operated by the handle, N, 
shown in the cross section. There is also a 
pipe, S, connecting the front and the back 
portion of the tank to secure a circulation of 
water and to divide the heat evenly throughout 
the tank. 


Operation of the devise. 


By suitably adjusting the valves, A, by the 
handle, J, communication is established between 
the exhaust pipe and the condensing appa- 
ratus. The exhaust steam is then directed into 
the pipes, E, and there partly condensed, while 
the remainder passes out by the top exten- 
sion, F, to be condensed by contact with the 
surface of the water in the tanks. Any surplus 
of steam not condensed escapes in the atmos- 
phere by the vent pipe, G, and the water of 
condensation passed away by the waste pipes, 
K and K’, as shown on the elevation drawing 
of the locomotive. , 

By means of cocks, suitably located, the en- 
gineman may divert the exhaust steam from 
the feedwater pumps either to the atmosphere 
or to pipes leading ito the water tanks. The 
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exhaust steam from the air compressor is piped 
to one of the locomotive exhaust passages, A, 
and follows the same course as the exhaust 
from the main-engine cylinders. 

The cover, H, of the water tank is kept 
tightly closed to avoid the escape of the steam 
and projection of water on to the tracks. The 
volume of water contained in the tanks at the 
maximum level, which is indicated by a gage 
cock placed on a partition on the side of the 
tank, is 212 cubic feet, or 1585 gallons. The 
maximum level is at 13 1/2 inches from the 
top of the reservoir. Should this level be ex- 
ceeded and a surge of water caused by the 
motion of the locomotive reach the top of the 
condensation pipe, the surplus would pass off 
the waste pipes, K and K’, following a course 
the reverse of the one taken by the condensed 
steam outlined in the preceding paragraph. 


Summary. 


It is apparent from what has been stated 
that the exhaust steam condensing apparatus 
of the new tank locomotive on the line between 
Paris and Limours has succeeded in solving 
the particular problem of the suppression and 
the escape of the exhaust steam to the atmos- 
phere during the passage through the tunnel. 

Economy of fuel was not the object aimed 
at. There is no doubt, however, that the con- 
densing apparatus results in some saving due 
to the heating of the feedwater, but this saving 
is small inasmuch as the condensing apparatus 
functions only between the two. stations of 
Denfert and Luxembourg, less than a mile 
apart. When it functions and all the exhaust 
steam is sent into the water tanks, the draft 
is almost completely extinguished and the use 
of the blower becomes necessary. This reduces 
the economy resulting from the recovery of the 
heat contained in the exhaust steam from the 
cylinders. - 
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4. — New transformer cars for the New York New Haven & Hartford Railroad. 
Fig. 11, p. 587. 


(Railway Review. 


The New York New Haven & Hartford Rail- 
road has recently placed in service two 70-ton 
capacity steel underframe transformer cars 
built by the Standard Steel Car Co. at their 
Butler (Pa.), plant. The cars have been de- 
signed to carry a load of 150 000 Ib.. uniformly 
distributed over a length of 24 feet at the 
center of the car. The sizes of the underframe 
members have been so determined as to allow 
the fibre stress not to exceed 16000 lb. per 
square inch in the stills and cross ties and 
15 000 lb, in the bolsters. The size and spac- 
ing of the rivets are such as to permit 10 000 lb. 
per square inch. 

The underframe is built up of four longi- 
tudinal sills extending between the body bol- 
sters. The side and center sills are built up 
ef 3/8-inch web pilates with inside and outside 
top and bottom chord angles and 13-inch by 
5/8-inch top and bottom cover plates, as shown 
on accompanying drawing. The sills are se- 
cured to the body bolsters by suitable angle 
connections. The outside angles of the side 
sills extend beyond the bolsters and are con- 
tinuous between the end sills to which they 
are secured by means of angle connections. 
The sill web plates are sp‘iced, as shown on 
the drawings and the splices properly strength- 
ened by means of plates having a sufficient 
number of rivets to transmit the shear at 
these points. 

The end sills are made of 12-inch by 20.5-Ib. 
channels shaped and applied as shown on the 
drawings. The draft sills are made of 3/8-inch 
steel plates reinforced by outside bottom chord 
angles. The plates are flanged at the top and 
riveted to the floor sheets. The strength of 
the draft attachment conforms to the latest 
recommendations of the American Railway 
Association and the ratio of unit stress to end 
load does not exceed 0.05. 

The cross ties, four per car, are built up of 
structural angles and plates. Top and bottom 


angles of the cross ties extend between top and 
bottom cover plates of center and side sills. 
The web plates extend between. the web plates 
of the center. and side sills and are secured 
thereto with proper connection angles. Each 
cross tie is provided with 3/8-inch bottom 
cover plate riveted to the center and side sills 
and cross tie bottom chord angles. Cross tie 
top chord angles are riveted directly to the 
floor plates. 

The body bolsters are made of two 12-inch 
I-beams with top and bottom cover plates and 
suitable spreaders securely riveted together. 
The bolster cover plates form connections for 
the longitudinal sills and the draft sills. The 
construction is clearly shown on the drawing. 

The floor sheets are made of 1/2-inch steel 
plates extending between the loading angles 
and spliced at the center cross ties. They 
project 10 inches outside the side sills, giving 
a width over the floor of 9 ft. 0 in, The floor 
sheets are securely riveted to the sill top. chord 
angles; rivets are countersunk in order to ob- 
tain a smooth surface. The end floor sheets 
are made of 1/4-inch steel plates and are ap- 
plied at each end of the car, extending from 
the loading angles to the end sills. They are 
riveted to the longitudinal sills, bolsters, draft 
sills and end sills as shown on the drawings. 

The floor sheets are covered with 2 1/4-inch 
yellow pine flooring for a distance of 4 ft. 6 in. 
inside of the body bolster and extending to 
the face of the end sill. The flooring is secu- 
rely bolted to the floor plates with 5/8-inch 
bolts with heads drawn flush, Each bolt. is 
provided with standard nut and grip nut. 


The general dimensions of the car are as 
follows : : 


Distance, center tocenterof bolster. 38 ft. O in. 


Height from top of rail to center 


Ofsdrawbay-< eiyeetiians tonnes 2 ft. 10 1/2 in. 
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Height from top of rail to top of 


floor (loading deck)... . >... 2ft. 24/4in 
Height from top of rail to bottom 

of sills, oo. 6 ee ee ee Oft. 84/4in 
Height from top of rail to side sill 

over truck. ot) voepansuee 2 ft. 10 1/2 in. 
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49 ft. Qin. 


Length over end sills... .... 

Length over striking castings. . . 49 ft. ‘74/2 in. 
Truck wheel base. :......- 5 ft. 6 in, 
Total! wheel base 24... .).% 43 ft. 6 in 
Width over floor.) =. %%~ 3-2. - 9 ft. O in. 
Capacity... .. i Bis EPMO BS 440 000 lb. 
Light weight orcar........ 67 000 lb 


5. — Automatic train control in the United States. 


As is well known, the « Interstate Commerce 
Commission >» has powers under the law deal- 
ing with commerce between the States (« In- 
terstate Commerce Act ») to compel, after 
holding an enquiry, all the railway companies 
within the scope of this Act, to fit automatic 
train stop apparatus. 

The Bulletin of the Railway Congress Asso- 
ciation for July 1922 published a report of 
the « Interstate Commerce Commission » set- 
ting forth the reasons for requiring the use of 
this type of apparatus. This report was ac- 
companied by a note addressed to forty-nine 
companies asking them to state the objections 
which they had to make against’ the scheme 
requiring them to install automatic train stop 
apparatus on the passenger locomotives of one 
complete division. 

The companies put up a very strong oppo- 
sition to this project. The objections which 
they brought forward were both of a technical 
and financial nature. 

They maintained that there was no existing 
system which had been sufficiently perfected 
to justify its compulsory application, and that 
apparatus based on new principles had not 
yet been able to be. tested in service. The 
expenditure necessary for the numerous and 
complicated installations which it was intend- 
ed to compel them to fit was very great and 
beyond their financial capabilities, and it was 
doubtful if the manufacturers would be in a 
position to deliver the apparatus in the sti- 
pulated time. Moreover, it had not been 
shown that the outlay thus incurred would 
not have been equally well spent in the inte- 


rests of safety if it had been used for carrying 
out other measures which would at the same 
time have the effect of increasing the capacity 
of the lines, such as, automatic block signal- 
ling, doubling of the track, mterlocking 
frames, abolition of level crossings, ete. Cer- 
tain railways expressed a fear that the auto- 
matic stop apparatus would moreover hinder 
the running of the trains and decrease the ca- 
pacity. of the lines. 

The Commission met these objections by 
showing that there were in existence apparatus 
which fulfilled the proposed requirements. 
These are.capable either of applying the brakes 
so as to bring the train to rest, or else to 
apply the brakes where the speed is too high 
in order to reduce it to a predetermined 
amount, These results may be obtained either 
mechanically or electrically by placing a ramp 
on the line with which a shoe carried on the 
engine makes contact (intermittent contact), 
or electrically by contact with the rail, or in 
other cases without any contact, as in the 
case of apparatus working on the inductive 
principle. In fact, there are devices of this 
kind in use on a certain number of railways, 
these being either of the mechanical or of the 


intermittent contact electrical type. The Com- — ; 


mission considered thateifi the latter did not 
give, according to the claims of the companies, 
complete satisfaction and were still capable of 
improvement, their adoption should not be 


postponed on this account. The companies 
‘which considered that they could obtain the 
best results with the other type of apparatus — 


(the inductive type) had at their pleposalg 
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3 me former retirements it had ae ans 
re ed, "because * ie a considerable addition to these. In a new 
ignals depends solely on- order dated the 14 January 1924, it required 
1 ninty-two companies to fit automatic train 
_ stops or speed control apparatus over a com- 


nies are the forty-seven companies already in- 
cluded in the first instruction and which have 
"Railroad Soe aie pion > therefore to install the apparatus over two 
r the management of the rail- divisions. The additional apparatus required 
war) that the application of is to be in operation by the 1 January 1926. 
ould take place at a distance The Commission justifies this new measure 

1 should stop in every case by saying that the safety of the public and 
of the rolling stock makes it necessary that 
the protection resulting from this kind of ap- 
paratus should be increased as quickly as pos- 

sible over additional portions of line. 

es ieenich eee. a ae eee traffic, The order lays down a schedule of the con- 
0 a decrease of capacity, but it is observed that ditions which the apparatus must satisfy. Our 
this difficulty ean be overcome by means of readers will find the text given in the July 
| which ror the es to re- 1922 number of the Bulletin mentioned above. 
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